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Aconitum and Delphinium genera are important rich sources of toxic C19-
diterpenoid alkaloids. The alkaloidal content of A. napellus and D. elatum seeds have 
been investigated in detail. After maceration, crude alkaloidal extracts were obtained 
and then purified by repeated column chromatography (over silica and alumina gels) 
to sample homogeneity yielding five known C19-diterpenoid alkaloids from A. 
napellus, aconitine, neoline, 14-O-acetyltalatisamine, 14-O-benzoylaconine, and 
taurenine, and two others from D. elatum, delpheline (also including its X-ray single 
crystal analysis) and methyllycaconitine (MLA). These examples showed that mass 
spectrometry hyphenated with HPLC or other chromatography can be used as a tool 
for rapid alkaloid content screening of different extracts. 
NMR spectroscopic (using a variety of techniques and nuclei) data are 
presented in support of the first report of iminodelsemine A/B as an imino-alkaloid 
artefact from D. elatum. A detailed chromatographic study across different pH 
ranges, and over different solid supports, of aconitine and its main degradation 
product, 14-O-benzoyl-8-O-methylaconine, together with its semi-synthesis and that 
of its deuterated analogue are reported within studies to minimize artefact formation 
during the storage or extraction of A. napellus norditerpenoid alkaloids. Likewise, 
from D. elatum seeds, as a model source of Delphinium alkaloids, we compared the 
alkaloid yield using different extraction techniques and conventional 
chromatographic separations. The structures were confirmed by NMR spectroscopy 
and mass spectrometry. An NMR spectroscopic approach for the pKa determination 
of some C19-diterpenoid alkaloids has been developed. A modified calculation 
method for fatty acid composition quantification has also been developed using 1H-
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̊C  degree Celsius 
Å  Angstrom 
Ac  acetyl 
Aq  aqueous 
As  anisoyl 
Bz  benzoyl 
COSY  correlated spectroscopy 
CV  column volumes 
2D  two dimensional 
Da  Dalton 
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DEPT  distortionless enhancement by polarization transfer 
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IR  infrared 
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kg  kilo-gram 
LC-MS liquid chromatography-mass spectrometry 
LDA  lipo-diterpenoid alkaloid 
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M  molar 
MDA  mono-ester diterpenoid alkaloid 
Me  methyl 
MeCN  acetonitrile 
MeOH  methanol 
mg  milli-gram 
µg  micro-gram 
MH+  protonated molecular ion 
MHz  mega-Hertz 
min  minute 
mL  milli-litre 
MLA  methyllycaconitine 
mm  milli-metre 
MS  mass spectrometry 
MW  relative molecular weight 
m/z  mass over charge 
nAChR nicotinic acetylcholine receptors 
NMR  nuclear magnetic resonance 
NOESY nuclear Overhauser effect spectroscopy 
ppm  parts per million 
Pro  propyl 
TLC  thin layer chromatography 
UPLC  ultra performance liquid chromatography 
UV  ultraviolet 
v/v  volume by volume 
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Chapter 1. Introduction 
 
1.1. Overview of diterpenoid alkaloids 
 
Alkaloids are one of the important groups of phytoconstituents (secondary 
metabolites) obtained from different natural sources. They are low molecular weight 
nitrogen-containing basic compounds with the nitrogen atom often present in a 
heterocyclic ring, e.g. pyrrolidine, pyridine, piperidine and quinoline. Most of the 
alkaloids are isolated from plants, but to a lesser extent there are some isolated from 
insects, animals and micro-organisms e.g. ladybirds, frogs, marine sponges and 
cyanobacteria (Roberts and Wink, 1998). Alkaloids are typically physiologically 
active and they play an important role in the ecology of the organisms which 
synthesize them, i.e. they act as a defence system against pathogens and animals. 
Alkaloids are classified mainly in two ways:  chemically according to the 
nitrogen containing ring or biochemically according to the amino acid precursor of 
the carbon skeleton (Leete, 1965). These are sometimes referred to as true alkaloids. 
There is another group which obtain the nitrogen atom from amino acids via 
transamination reactions and the carbon skeleton from acetate or shikimate, e.g. 
steroidal and terpenoidal alkaloids which are sometimes referred to as 
pseudoalkaloids or cryptoalkaloids (Wang and Chen, 2010). Several terpenoidal 
alkaloids were identified from natural sources but researchers have devoted their 
attention to diterpenoid (C18-, C19- and C20-) alkaloids mainly isolated from Aconitum 
and Delphinium species, because of their various bioactivities and structural 
complexity which stimulated the interest to study their synthesis, phytochemistry, 
biological, and medicinal chemistry. 
The toxicity of the plants has been known since ancient times e.g. Aconitum 
was used as an arrow poison and in murders (Ameri, 1998) and nowadays 
Delphinium plants are known to be the major cause of cattle death in western North 
America (Manners, 1995). It is now well known that this toxicity is especially 
attributed to the presence of C19-diterpenoid alkaloids, which are known as nor-
diterpenoid alkaloids, since they are synthesised via the diterpenoid pathway, but 
lack one carbon atom in the skeletal framework. 
Surprisingly, several preparation of various Aconitum species are employed 
as medicinals in traditional Chinese and Japanese medicine in treatment of pain, 
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inflammation and neuronal disorders. Aconitine, the main alkaloid isolated from 
these plants is often used as an experimental tool to investigate the function of 
voltage dependent Na+ channels (Ameri, 1998). 
 
1.2. Classification of diterpenoid alkaloids 
 
The diterpenoid alkaloids are classified into three main categories: C18-, C19- 
and C20-diterpenoid alkaloids according to the number of carbon atoms forming their 
skeleta (Wang et al., 2010). They all have the same framework with few minor 






























1.3. C19-Diterpenoid alkaloid distribution, numbering and ring names 
 
The C19-diterpenoid alkaloids have been mainly isolated from Aconitum, 
Delphinium, and Consolida genera family Ranunculaceae, and to a lesser extent from 
Atragne and Inula family Asteraceae and appear to have a narrower distribution than 
the C20-diterpenoid alkaloids (Wang and Chen, 2010). They have been arbitrarily 
divided into aconitine-and lycoctonine-types, where the aconitine-type possess the C-
7 not substituted by any group except hydrogen as represented by e.g. aconitine and 
delphinine, while in the lycoctonine-type, C-7 is always oxygenated e.g. lycoctonine 
and delcosine (Pelletier et al., 1984). 
Both types are subdivided according to their nitrogen patterns:  amines, N,O-
mixed acetals, imines, and amides. The amine subtype constitutes the majority of 
each type of alkaloids (Wang et al., 2010). Lycoctonine-type alkaloids containing a 
7, 8-methylenedioxy unit were mainly isolated from the genus Delphinium. 
However, the lactone-, pyro- and 7,17-seco-type alkaloids were characteristic of the 
genus Aconitum (Wang and Chen, 2010). 
Based on aconitine structure, the numbering system and the ring names used 








The C19-diterpenoid alkaloids can be substituted with different ester groups in 
their structures such as O-acetyl, O-benzoyl, O-anisoyl, O-veratroyl, and O-
cinnamoyl, they are usually located at C-8 and C-14, together with less common 
positions i.e. C-1, C-3, C-6, C-15, and C-16. Aconitum alkaloids showed the presence 
of all the previously mentioned groups, whereas the majority of the ester linkage in 
Delphinium alkaloids was for the (succinimido)anthranoyl group on C-18, together 





1.4. Suggested biosynthetic pathways of diterpenoid alkaloids 
 
Diterpenoid alkaloids were thought to originate from the diterpene precursor 
geranylgeranyl diphosphate (GGPP) derived via the mevalonate pathway from 
acetate units as many non-alkaloidal terpenes are biosynthesized (Whalley, 1962). 
An experiment was carried out to study the biosynthesis of delpheline in the 
detached leaves of Delphinium elatum, using mevalonic acid-2-14C. Failure in 
mevalonic acid incorporation was observed and it was referred to the unsuccessful 
competition with the non-alkaloidal terpenes biosynthesis, as 0.02% mevalonic acid 
incorporation into β-sitosterol was observed after 4 days (Herbert and Kirby, 1963). 
This surprising data encouraged another group to study the biosynthesis of brownine 
and lycoctonine in D. brownii by feeding the whole plants sodium acetate-1-14C and 
mevalonic acid-2-14C dibenzylethylenediamine just prior to blossoming. Plants were 
harvested followed by alkaloid extraction and the results showed poor incorporation, 
but they were consistent with the normal expected diterpene biosynthesis. So, 
mevalonic acid incorporation was observed because it was believed that in D. 
brownii the primary site of alkaloids biosynthesis is the roots which could be the case 
in D. elatum, this explains their failure to observe mevalonic acid incorporation when 
using the detached leaves (Benn and May, 1964). 
Labelling experiments using glucose-1-13C have shown that higher plants 
possess two different routes for isopentenyl diphosphate (IPP) biosynthesis i.e. the 
cytoplasmic sterols were formed via the (acetate/mevalonate) pathway while the 
chloroplast (plastid) bound isoprenoids were synthesized via a novel (glyceraldehyde 
phosphate/pyruvate) pathway, which was found for the first time in bacteria and 
green algae. Several 13C-labelling experiments were carried out to investigate the 
mevalonate-independent IPP route, the results strongly suggest that this route is not 
restricted to bacteria and green algae but also widely distributed in plastids of higher 
plants, it was observed in the biosynthesis of the unusual diterpenes, the ginkgolides 
in Ginkgo biloba and the taxane diterpenes in Taxus (Lichtenthaler et al., 1997). 
Therefore, it is possible that the isoprenoid moiety of diterpenoid alkaloids is 
also biosynthesized via the non-mevalonate pathway and this would account for the 
failure to observe incorporation of labelled mevalonate in the early experiments 




Also, it has been speculated that the diterpenoid alkaloids are typically 
derived from tetracyclic or pentacyclic diterpenes and their nitrogen is obtained from 
methylamine or ethanolamine, but this speculation is currently supported by only 
weak evidence from tissue culture feeding experiments. A study on Spiraea 
japonica, found that spiraminol, a typical atisane-type diterpene, when reacted with 
ethanolamine in a two-step condensation reaction, was transformed to spiramine C/D 
















Figure 1.1. Biosynthetic pathway of the atisine-type diterpenoid alkaloid; spiramine C/D. 
A feeding experiment in in-vitro cultured plantlets and enzymatic 
transformation in cell free extracts was done using L-[2-13C, 15N]-serine as a doubly 
labelled precursor of the diterpenoid alkaloid, so if it is incorporated essentially intact 
into the corresponding diterpene, the molecular weight of the product should increase 








[M+H+] of spiramine A/B was determined to be m/z 400 and the resulting target 
product was detected at m/z 402 which confirms the intact incorporation of L-serine 
into the corresponding diterpenoid alkaloid to produce spiramine A/B (Zhao et al., 
2009). The hypothetical biosynthetic pathway is:  
GGPP          diterpene           C20-type diterpenoid alkaloid containing an oxazolidine 
ring         other kinds of C20-type diterpenoid alkaloid           C19-type diterpenoid 
alkaloid. 
However, it is unclear how the C20-type diterpenoid alkaloids are derived 
from the corresponding diterpenes (Zhao et al., 2009). A modern study showed that 
geranyl geranyl diphosphate (GGPP) is cyclized to give ent-copalyl diphosphate 
(ent-CPP), the enantiomer of copalyl diphosphate, which is transformed to ent-
atisane-and ent-kaurane-type diterpenes via a series of biosynthetic steps (Figure 
1.2). The atisine-type, e.g. atisine, and veatchine-type, e.g. veatchine, C20-diterpenoid 
alkaloids are derived from the amination of the ent-atisane-and ent-kaurane-type 
























Three plausible biosynthetic mechanisms for the formation of C19-diterpenoid 
alkaloids from the C20-diterpenoid alkaloids, atisine and veatchine (Figure 1.3), are 
suggested by Wang and Chen (2010). 
(1) Enzymatic removal of C-17 in atisine, followed by Wagner-Meerwein 
rearrangement, then cyclization to yield the aconitine-type. 
(2) Formation of C-7-C-20 bond, followed by Wagner-Meerwein rearrangement, 
which yield the lycoctonine-type. 
(3) Formation of C-7-C-17 in intermediate A or via cyclization of intermediate B, to 


































Figure 1.3. Possible biosynthetic pathways of C19-diterpenoid alkaloids from C20-
diterpenoid alkaloids. 
 











Generally, the molecular weight of the diterpenoid alkaloids is inversely 
related to the median effective dose (ED50) and consequently directly related to 
potency (Nyirimigabo et al., 2014). The main structural features in C19-diterpenoid 
alkaloids responsible of their high toxicity are the ester groups at C-8 and C-14. In 
aconitine 1 it is reported that, acetyl group at C-8, hydroxyl group at C-13 and the 
four methoxy groups at C-1, C-6, C-16, and C-18, all contribute in its toxicity 
(Ameri, 1998; Turabekova et al., 2005; Zhou et al., 2015). 
C19-diterpenoid alkaloids can be structurally divided into two main groups, 
the N-(methylsuccinimido) anthranoyllycoctonine-type (MSAL-type) and the non-
MSAL-type. By measuring the individual LD50 values of some Delphinium alkaloids 
using a mouse model, MSAL-type alkaloids are 20-30 times more toxic than non-
MSAL alkaloids, but Delphinium toxicity in cattle cannot be accurately determined 
based solely on the mouse model or the absence of the MSAL-type alkaloids in the 





   R1  R2 
aconitine 1  Et  OH 
mesaconitine 2 Me  OH 
hypaconitine 3 Me  H 
18 
 
One of the highly selective antagonists of the brain α7-type nAChRs is 
methyllycaconitine (MLA) 4 which belongs to the MSAL-type (Blagbrough et al., 
1994). Only the alkaloids bearing the 2-(methylsuccinimido) benzoyl side chain are 
potent nicotinic antagonists of the α7 nAChRs, while the alkaloids which are 
anthranoyl-substituted but lacking the methylsuccinyl ring or alkaloids lacking the 
anthranoyl substitution on C-18 e.g. lycoctonine 5 are two times less active at rat 
brain α-bungarotoxin (Nyirimigabo et al., 2014). Blagbrough and co-workers have 
synthesised ester derivatives of 3-deoxy-18-O-desmethylaconitine; with a 2-
(methylsuccinimido) benzoyl side chain and a 2-aminobenzoyl moiety which 
abolished the ability to activate voltage-gated Na+ channels and enhanced the 











  4      5 
The arrhythmic activity of the aconitine-type alkaloids has been correlated to 
the presence of the benzoyl ester at C-14 by testing them on mice, and the order of 
their potency in arrhythmia induction was mesaconitine > aconitine > 3-
acetylaconitine (Zhou et al., 1984). Surprisingly, there is another group of Aconitum 
alkaloids which is less toxic and possess antiarrythmic properties e.g. lappaconitine 













  6       7 
Spasmolytic activity has been enhanced markedly by C-1 O-benzene group 
substitution in different diterpenoid alkaloid skeletons e.g. 1-O-benzoylkaracoline 8 
and 1-O-benzoylkarasamine 9 from the aconitine-type and 1-O-benzoylnapelline 10 
from the napelline-type, while compounds with C-18 succinylanthranilic acid exhibit 
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A study on the suppressive effects of some Aconitum alkaloids on tumour 
growth was done, using several synthetic derivatives of C19- and C20-diterpenoid 
alkaloids has shown that the novel derivative of the C20-atisine type structure 
revealed anti-proliferative activity in contrast to the natural C19-diterpenoid alkaloids 





1.6. Toxicity of Aconitum alkaloids 
 
Aconitum is one of the most poisonous plants in Europe; all of its parts 
especially the roots contain neuro- and cardio-toxins which are chemically classified 
as C19-diterpenoid alkaloids. Aconitine, mesaconitine, and hypaconitine are the most 
common alkaloids isolated from different species of Aconitum. These alkaloids 
excite the voltage-gated sodium channels on the cell membranes of myocardium, 
nerves and muscles causing their depolarization. This leads to anaesthesia, 
paraesthesia and general weakness followed by gastrointestinal symptoms as nausea, 
vomiting and finally ventricular arrhythmia usually followed by respiratory failure 
and death. Diester/norditerpenoid alkaloids (DDA) are more toxic than the mono- 
ester ones (MDA). 
Aconitine is one of the diester-diterpenoid alkaloid, its lethal dose is 2 mg, 5 
mL if it is in a tincture and 1 g of the raw aconite plant (Chan, 2012a). A study on 
male NMRI male mice was carried out to evaluate the acute toxicity of aconitine 
found that first symptoms of toxicity appeared after injection of (46.4 µg/kg i.v.) 
aconitine, irregular respiratory activity, exophthalmia, convulsions, disturbed 
locomotion activity, mydriasis. At higher doses (68.1 µg/kg i.v.) gasping of breath, 
convulsions of higher intensity and frequency, salivation, lacrimation, loss of 
orientation, ventral or ventro-lateral recumbency and loss of different reflexes were 
observed. At (100 µg/kg i.v.) additionally, muscle relaxation occurred and 2 out of 4 
animals died shortly after administration, finally, (147 µg/kg i.v.) aconitine induced 
convulsions, exophthalmia, gasping of breath, ventral recumbency and cyanosis and 
the animals died within 1 min following drug administration (Friese et al., 1997). 
No antidote for aconitine poisoning is known, no single drug was uniformly 
effective. Accordingly, what is usually done in a case of aconitine poisoning is 
monitoring of vital functions e.g. hypotension and ventricular arrhythmias. Then, 
management by using supportive agents i.e. atropine for the bradycardia and 
amiodarone and/or flecainide for arrhythmia, these can be the first-line treatment 







1.7. Poisoning from Aconitum alkaloids 
 
A recent study on the percutaneous absorption of aconitine and mesaconitine 
alkaloids revealed that these compounds could be absorbed from tinctures or raw 
aconite root to the systemic circulation causing fatal and non-fatal aconite toxicity 
especially if the skin is damaged (Chan, 2012b). 
Nowadays, the popularity of herbal medicine has increased in addition to the 
ease of access to herbal medicines, this has led to incidences of some aconite 
poisoning in different parts of the world. In a suicide trial in the UK, a 52 year old 
man bought aconite through the internet after finding it named as the “queen of 
poisons”. This patient was admitted to an intensive care unit and treated with a novel 
treatment protocol (Finn et al., 2013). 
Recently, a gardener in Britain died from multiple organ failure, five days 
after being admitted to hospital. He died after handling the vivid purple flowers of 
wolfsbane without wearing gloves. Despite the highest level of alkaloids being in the 
roots, it still can be found in the different plant parts (The Times, 07.11.14). 
Asian countries are more familiar with accidental intoxication from aconite or 
aconitine-containing herbal formulations, so it is crucial that physicians are aware of 
the symptoms of toxicity and treatment methods of different toxic plants, even if they 
are not geographically common in their work place as several highly dangerous 
(toxic) plants are very common in the UK and are easily grown in gardens e.g. 
wolfsbane (Aconitum), deadly nightshade (Atropa), foxglove (Digitalis) and angel’s 
trumpet (Datura and Brugmansia). 
 
1.8. Pre-treatment techniques of Aconitum carmichaelii “Fuzi” 
 
Aconite is well-known in Traditional Chinese Medicine (TCM), it is used as a 
cardio-tonic, anti-inflammatory, diuretic, and in treatment of skin abscesses caused 
by Staphylococcus aureus infection (Zhu et al., 2013). The roots of Aconitum 
kusnezoffi “caowu”, Aconitum carmichaelii “chuanwu” and the lateral roots of 
Aconitum carmichaelii “Fuzi” are the most common ones used, but only after 
processing, inadequate processing of the raw drug and lack of standardisation of such 
formulations e.g. decoctions, tinctures, powders, and topical formulations increase 
the probability of intoxication. 
22 
 
70 different detoxification techniques are known in China. Usually this 
depends on soaking and boiling the roots; in order to induce hydrolysis of the ester 
groups which contribute significantly to the high toxicity of diester-diterpenoid 
alkaloid (Lu et al., 2010) e.g. acetate and/or benzoate at C-8 and C-14. The most 
common techniques are done on the boiled lateral roots of Aconitum carmichaelii 
(Fuzi) and named according to the nature and colour of the final product (Singhuber 
et al., 2009). 
Heishunpian means black slices, involves repeated soaking in salt water then 
boiling until the sliced roots become black followed by drying. 
Yanfuzi means salted daughter roots; the drug is soaked in sodium chloride 
solution overnight then dried. Repeated soaking is done for a few days more until 
sodium chloride crystallises on the surface of the roots. 
Baifupian means white slices, boiling with mineral salt solution then roots are 
removed and sliced. Steaming followed by drying over sulfur vapours until it gets its 
yellowish white colour. 
Other techniques depend on complex formation as in Sini Tang (SNT) a 
Chinese traditional herbal formulation consisting of Aconitum carmichaelii, Zingiber 
officinale and Glycyrrhiza uralensis is used as an aqueous decoction in treatment of 
cardiovascular diseases. 
Peter and co-workers modified SNT formulation by adding the bark of 
Cinnamomum cassia in order to enhance the cardiovascular effect. Then investigated 
the interaction between aconitine and representative compounds from each plant in 
the formulation to determine which compound is responsible for alleviating aconitine 
toxicity (Peter et al., 2013). 
Chemical standards from Aconitum carmichaelii (aconitine, mesaconitine, 
hypaconitine, Zingiber officinale (8-gingerol, 6-shogaol), Glycyrrhiza uralensis 
(liquirtin 11, isoliquirtin 12, liquiritigenin 13, isoliquiritigenin 14, glycyrrhizic acid 
15) and Cinnamomum cassia (eugenol, cinnamaldehyde, 4-methoxy-
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An HPLC method was developed to quantify the diester-diterpenoid alkaloids 
in processed and unprocessed Aconitum carmichaelii roots. The results showed that 
aconitine 1 and mesaconitine 2 were below the limit of detection, the most abundant 
diester-diterpenoid alkaloids is hypaconitine 3 (Lu et al., 2010), which could be used 
for precision and reproducibility test. Glycyrrhiza uralensis compounds have the 
strongest effect on reducing the concentration of hypaconitine 3, especially liquirtin 
11 and isoliquirtin 12, only glycyrrhizic acid 15 has no effect on the diester-
diterpenoid alkaloids concentration (Peter et al., 2013). 
The study suggests that liquirtin 11 binds to aconitine 1 in 1:1 stoichiometry, 
using for the first time a 1H-NMR titration method to determine the stoichiometric 
ratio as well as the binding constants. The values of the binding constants revealed a 
non-covalent interaction between the molecules. 
Peng and co-workers supported the safety of SNT formulation through a 
pharmacokinetic study, which found that Zingiber officinale enhance the elimination 
of diester-diterpenoid alkaloids e.g. aconitine 1 and hypaconitine 3 and also promote 
the absorption of monoester-diterpenoid alkaloids e.g. benzoylaconine, benzoyl-
mesaconine, and benzoylhypaconine (Peng et al., 2013). 
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1.9. Pharmacological effects of Aconitum and Delphinium alkaloids 
 
Some diterpenoid alkaloids from the genera Aconitum and Delphinium, act at 
the neuronal nicotinic acetylcholine receptors (nAChRs), exhibiting a potent n-
cholinolytic activity, leading to their potent toxicity (Welch et al., 2013) such as 
inuline 16, delsoline 17, nudicauline 18, and lycoctonine 5 from the lycoctonine-type 
alkaloids, methyllycaconitine (MLA) 4 (Blagbrough et al 1994; Turabekova et al., 
2010) and elatine 19 from the N-(methylsuccinimido)anthranoyllycoctonine-type 
(MSAL-type) alkaloids, delcorine 20 and deltaline 21 from the 7,8-methylenedioxy 
lycoctonine-type alkaloids, karacoline 22 and condelphine 23 from the aconitine-type 
alkaloids, together with lappaconitine 6 and N-desacetyllappaconitine 24, the C18-
diterpenoid alkaloids (Hardick et al., 1996). 
The main alkaloids causing toxicity in Aconitum are aconitine, mesaconitine 
2, and hypaconitine 3, by affecting mainly the heart and central nervous system. It is 
well known that aconitine 1 activates the voltage-gated Na+ channels, which made it 
an experimental tool to elicit tachyarrhythmias in various animal models (Ameri, 
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1.9.1. Arrythmogenic effects 
 
Aconitine 1, mesaconitine 2, and 3-acetylaconitine induce tachyarrhythmia 
and the mechanism of their arrhythmogenic effect is via delaying the final 
repolarization phase of the action potential which initiate premature or triggered 
excitation. In contrast, lappaconitine 6 and N-deacetyllappaconitine 24, heteratisine, 
6-benzoylheteratisine 7 and napelline possess antiarrhythmic effects. A novel 
antiarrhythmic drug, Allapinin (lappaconitine hydrogen bromide) was developed 
(mainly in Russia) from the C18-diterpenoid alkaloid lappaconitine. Vakhitova and 
co-workers have studied the mechanism of action of allapinin. They found that it 
involves the blockade of Na+ channels of cardiomyocytes which provides the 
antiarrhythmic effect and opposes the effect of aconitine (Vakhitova et al., 2013). 
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1.9.2. Antiepileptiform effects 
 
The hippocampal slice model is a useful tool for investigation of 
anticonvulsant drugs. Recently, some Aconitum alkaloids have been investigated and 
revealed a potent antiepileptiform activity e.g. mesaconitine 2, lappaconitine 6, and 
6-benzoylheteratisine 7. Yohimbine the α-adrenoreceptor antagonist antagonizes the 
antiepileptiform effect of mesaconitine 2, whereas timolol the β-adrenoreceptor 
antagonist has no effect on mesaconitine. This is a clear evidence for mesaconitine 2 
α-adrenoreceptor activation on experimentally induced epileptiform activity in the 
hippocampus (Ameri, 1998). 
 
1.9.3. Spasmolytic activity 
 
A study on isolated sections of rat and rabbit small intestines using the 
barium-chloride contraction model was carried out on different structural types of 
diterpenoid alkaloids and their synthetic derivatives. 
Aconitine 1, mesaconitine 2, and hypaconitine 3 have showed spasmogenic 
activity and the most active was mesaconitine 2. Lycoctonine-, heteratisine-, and 
napelline- type alkaloids showed spasmolytic activity (Dzhakhangirov et al., 2013). 
 
 
1.9.4. Analgesic effects 
 
Several nociceptive test models for evaluating analgesic activity are used, 
with different pain induction techniques e.g. by visceral chemoreceptors (writhing 
test), thermo-receptors (tail-flick test and hot-plate test) and mechano-receptors 
(biting, scratching, and licking behaviour). 
Aconitine 1 was observed to induce writhing syndrome quickly and for 
longer duration than other agents, and it is characterized by marked abdominal 
contractions and torsion with arching of the back and drawing up the hind limbs to 
the body. This effect was antagonised by nonnarcotic analgesics; orally administered. 
Mesaconitine analgesic activity is much greater than morphine, although it is 
not affected by levallorphan, an opioid receptor antagonist. When mesaconitine 2 
was administered intra-cerebrally a dose-dependent analgesia was observed, 
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suggesting that the analgesic activity of mesaconitine 2 is via the central nervous 
system and not mediated by opioid receptors stimulation. Recently, it has been 
shown that mesaconitine 2 analgesic activity is blocked by idazoxan the selective α2-
adrenoreceptor antagonist and by methysergide the 5-hydroxytryptamine (5-HT) 
receptor antagonist which implies that mesaconitine 2 activity is via activation of 
descending inhibitory α2-adrenoreceptor and serotonergic neurons (Ameri, 1998). 
 
1.9.5. Anti-inflammatory effects 
 
The curative effect of Aconitum roots extract in rheumatism is well 
established in Chinese and Japanese traditional medicine. Mesaconitine 2 and 3-
acetylaconitine have shown experimentally an anti-inflammatory activity by 
inhibition of increased vascular permeability, induced by histamine in rat intradermal 
sites and by acetic acid in mouse peritoneal cavity. 
The anti-inflammatory activity of mesaconitine 2 seems to be involve the 
central nervous system and not be mediated by glucocorticoids or by inhibition of 






















Any phytochemical study requires maceration and several extraction 
procedures in order to isolate and purify the active phytoconstituents. So the overall 
aim of this study was how to minimize artefact formation during the extraction of 
diterpenoid alkaloids. Aconitum and Delphinium alkaloids were used in this study as 
models to evaluate the impact of different organic solvents on the alkaloidal yield 
and the artefact formation. 
Multiple chromatographic steps often opportunities for artefact formation. 
Although pure compounds are required for the measurement of biological properties, 
identification of compounds in mixtures via NMR and MS deconvolution techniques 
is possible in principle. Such an approach was evaluated in this study. Within this 
overall aim, the following studies were carried out. 
The isolation and identification of C19-diterpenoid alkaloids from Aconitum 
napellus and Delphinium elatum seeds and comparing the alkaloidal yield in 
different extraction techniques, and conventional chromatographic separation. 
A stability study of aconitine 1 in several alcohols often used for the 
extraction of plant materials and identification of its degradation product 
unambiguously using HPLC in combination with mass spectrometry and 1D and 2D-
NMR spectroscopy. 
A study of the behaviour of aconitine and its degradation product in different 
HPLC systems, i.e. different stationary phases, different organic modifier and 
different mobile phase pHs. 
Determination of the acid-base dissociation constant (pKa) of some 
diterpenoid alkaloids using 1H-, 13C-, and 15N-NMR spectroscopy. 
Study the fatty acid composition of the oils obtained from defatting of some 
species belonging to family Ranunculaceae, using a conventional gas 
chromatography (GC) method on the fatty acid methyl esters (FAMEs) and 







Chapter 2. Review of the literature 
 
2.1. Diterpenoid alkaloids isolated from Aconitum species 
 
HPLC and UPLC (ultra-performance liquid chromatography) when coupled 
with mass spectrometry and DAD (diode array detector) are powerful tools in 
identification and separation of phytochemical constituents of herbal extracts. 
A study was able to establish a fingerprint of Radix Aconiti (Aconitum carmichaelii 
Debx) alkaloids in raw plant and at different processing stages in addition to a 
quantification method for six aconitine-type alkaloids using UPLC-UV and UPLC-
ESI/MS. These alkaloids are benzoylaconine, benzoylmesaconine, and 
benzoylhypaconine from the MDAs, aconitine 1, mesaconitine 2, and hypaconitine 3 
from the DDAs (Zhu et al., 2013). 
The study revealed that DDAs suffer from extensive chemical changes in the 
first two hours of processing which made them of very low concentration. This could 
only be detected by UPLC-ESI/MS. While, the MDAs are very high in processed 
samples and can be quantified using UPLC-UV. Lipo-diterpenoid alkaloids LDAs 
are diterpenoid alkaloid linked to fatty acids e.g. linoleic, oleaic, and palmitic acid. 
LDAs concentration decreases after the first hour of processing then it stays constant, 
this may be attributed to the reaction of liberated free fatty acids to the MDAs and 
DDAs in the sample. 
Aconitum napellus L. subsp. firmum was previously examined and some 
alkaloids were identified such as aconitine 1, mesaconitine 2, hypaconitine 3, 
songorine 25, 15-acetylsongorine 26, neoline 27, senbusine A 28, taurenine 29, and 
3-deoxyaconitine. 
A recent study using LC-MS and 1D and 2D NMR spectroscopy reported the 
presence of isotalatizidine 30, karacoline 22, senbusine C 31, and napelline 32 for the 
first time (Kiss et al., 2013). In this experiment, leaf, stem, flower, fruit and root 
were dried and crushed. Methanolic, acidic and alkaline extracts were prepared in 
order to compare the alkaloidal yield using HPLC-DAD: Waters 600 HPLC system 
equipped with 2998 photodiode array detector, Phenomenex reversed phase Gemini 



















  R1 R2 R3 R4 R5 R6 R7 R8 R9 
27  H H OMe OMe H OH H H H 
28  H H OMe OH H OH H H H 
29  H H OMe OMe H OAc H H OH 
30  H H OMe H H H H H OH 
31  H H OMe OMe H OH H H OH 
 
Eluting system:  gradient elution of 10 mM ammonium acetate buffer (pH 
8.9) and acetonitrile. Alkaloid detection was specifically at  = 233 nm. The acidic 
extract gave the highest yield, so it was subjected to several chromatographic steps, 
column chromatography using Al2O3 followed by Sephadex LH-20 then fractions of 
interest were purified using centrifugal planar chromatography and preparative layer 









25   H 
26   Ac 
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1-O-Demethylswatinine 33, a new aconitine-type alkaloid isolated from 
Aconitum moldavicum roots, together with swatinine 34, cammaconine 35, 
columbianine 36, lycoctonine 5, gigaconitine 37, ajacine 38, and delcosine 39 
(Borcsa et al., 2014). 
 
 




  R1 R2 R3 R4 R5 R6 
33  OH OH OMe OH OH OMe 
34  OMe OH OMe OH OH OMe 
35  OMe OH H H H OH 
36  OH OH H H H OH 
37  OH OH OMe OH H OMe 
38  OMe Ant OMe OH H OMe 
39  OH OMe OMe OH H OH 
 
Three new norditerpenoid alkaloids, ducloudine C 40, the first aconitine-type 
alkaloid with a carbonyl group at C-3 and a double bond between C-1 and C-2, 
ducloudine D 41 and ducloudine E 42 were isolated from the roots of Aconitum 















Two new alkaloids guan-fu base J 43 and guan-fu base N 44 were isolated 
from the roots of Aconitum coreanum Rapaics along with some known alkaloids e.g. 
mesaconitine 2, hypaconitine 3, guan-fu base K 45, guan-fu base S 46, guan-fu base 
Q 47, guan-fu base V 48, dihydroatisine 49, guan-fu base H 50, condelphine 23, 
talatisamine 51, 2-isobutryl-14-hydroxy-hetisine N-oxide 52, guan-fu base X 53, 
hetisine 54, guan-fu base A 55, acrodine 56, guan-fu base G 57, guan-fu base Z 58, 
guan-fu base I 59, and tangutisine 60 (Xing et al., 2014). 
         
       
   
     
     
       














 49        50 
43 R = Ac  
45 R = H 
44 
47  R = β-Ac 

























R1 R2 R3 R4 
54 H H H H 
55 Ac H Ac OH 
56 Pro H H OH 
57 Ac Ac Ac OH 
58 ibut H H OH 
59 Ac H H OH 
60 H H H OH 
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23 H OH Ac OMe 






Four new C18-diterpenoid alkaloids, weisaconitines A 61, B 62, C 63, and D 
64, were isolated from the roots of Aconitum weixiense. Weisaconitine C 63 is 












63       64 
A new C18 diterpenoid alkaloid, kirinenine A 65, together with eight known 
alkaloids delcosine 39, tuguaconitine 66, denudatine 67, 14-dehydrobrownine 68, 
lepenine 69, 11α-hydroxylepenine 70, dehydrolucidusculine 71, and 14-






























  71       72 
Four new C20-bis-diterpenoid alkaloids trichocarpinine A 73, trichocarpinine 
B 74, trichocarpinine C 75, and trichocarpidine 76 together with eight known 
compounds trichocarpinine 77, heteratisine 78, 6-acetylheteratisine 79, 6-
benzoylheteratisine 7, dehydroheteratisine 80, guan-fu base Z 58, tongolinine 81, and 
heterophyllidine 82 were isolated from the herbs of Aconitum tanguticum var. 








R1 R2 R3 
73 Me Ac OH 
74 Me Ac H 
75 H Ac OH 




















  81       82 
 
Four new alkaloids were isolated from the roots of Aconitum anthora, guan-
fu base A 55, isotalatizidine 30, condelphine 23 and nudicaulamine 83 with 7, 8-
methylenedioxy group (Pirildar et al., 2013). Almost all of the 7, 8-methylenedioxy 
group-containing diterpenoid alkaloids, except for kiridine from A. kirinense, belong 
to the lycoctonine-type C19-diterpenoid alkaloids and were isolated from plants of the 

















Three new C19-diterpenoid alkaloids, named 14-acetoxy-8-O-
methylsachaconitine 84, 14-acetoxyscaconine 85, and 8-O-ethylcammaconine 86 
were isolated from Aconitum forrestii roots distributed in north western of Yunnan 















      86 
 
A new C20-diterpenoid alkaloid from the hetisine-type named carmichaeline 
A 87 was isolated from the roots of Aconitum carmichaelii together with eight 
known alkaloids deoxyaconitine, aconitine 1, mesaconitine 2, hypaconitine 3, 













A novel franchetine-type norditerpenoid alkaloid, guiwuline 89 isolated from 
the roots of Aconitum carmichaelii Debx., showing a tri-substituted double bond unit 
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Three new diterpenoid alkaloids demethylenedelcorine 90, 18-O-
methylgigactonine 91 and lepenine 69 were isolated from the roots of Aconitum 









Three hetisine-type diterpenoid alkaloids, guan-fu base V 48, guan-fu base W 
92 and guan-fu base X 53 were isolated from the roots of Aconitum coreanum 
Rapaics., their structures were elucidated to be 13-dehydro-2α,11β-dihydroxy-
hetisine, 2α-acetyl-11α,13β,14β-trihydroxy-15-ene-hetisine, and 2α-acetyl-
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 R1 R2 
90 OMe OH 
91 OH OMe 
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A rare C29 Aconitum alkaloid named tanaconitine 93, which might be a 






     93 
Karaconitine 94 a new C19 alkaloid and three known alkaloids aconitine 1, 
benzoylaconine 95, and songorine 25 were isolated from the roots of Aconitum 






  94       95 
A new alkaloid named 1, 15-dimethoxy-3-hydroxy-14-benzoyl-16-
ketoneoline 96 was isolated from the roots of Aconitum kusnezoffii Reichb together 
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N-deethyl-3-acetylaconitine 97, N-deethyldeoxyaconitine 98 and 
secoaconitine 99 three new alkaloids were isolated from the roots of Aconitum 
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Three new aconitine-type C19-diterpenoid alkaloids were isolated from the 
roots of Aconitum hemsleyanum var. circinatum named as hemsleyanine E 100, 













    102 
As = anisoyl 
41 
 
Vilmoraconitine 103, a novel C19-diterpenoid alkaloid isolated from the roots 
of Aconitum vilmorinianum, the structural determination of vilmoraconitine was 
mainly done by 2D NMR spectroscopy and X-ray analysis. Vilmoraconitine 103, is 








A new C18-diterpenoid alkaloid, acotoxicine 104 was isolated from the roots 
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        R1 R2 R3 
14-benzoylmesaconine-8-linolenate 105   Me linn H 
14-benzoylmesaconine-8-linolenate 106   Me lin H 
14-benzoylmesaconine-8-palmitate 107   Me pal H 
14-benzoylmesaconine-8-pentadecenoate 108  Me pen H 
14-benzoylmesaconine-8-myristate 109   Me myr H 
14-benzoylaconine-8-nonadecenoate 110   Et non H 
14-benzoylaconine-8-linoleate 111    Et lin H 





lin linoleate  linn linolenate  myr myristate 




2.2. Diterpenoid alkaloids isolated from Delphinium species 
 
Delphinium alkaloids are generally characterized by lacking of the benzoyl 
moiety on C-14 (c.f. Aconitum, Chapter 2). Many of the norditerpenoid alkaloids 
isolated from this genus are characterized by the lycoctonine skeleton with the 7,8 
hydroxyl groups sometimes methylated and sometimes as a methylenedioxy 
function. A rare occurrence of this type of structure was reported in Aconitum 
anthora (Pirildar et al., 2013). An aromatic acyl group substituted with a succinimido 
or succinamide moiety is found in many Delphinium alkaloids but has been reported 
only in A. septentrionale in the Aconitum genus (Ross and Pelletier, 1992). 
In this research project, Delphinium elatum is the chosen species for the 
alkaloidal study, therefore it is the main focus of this chapter, in addition to the most 
recent reports on other Delphinium species. 
 
2.2.1. Diterpenoid alkaloids isolated from Delphinium elatum seeds 
 
Diterpenoid alkaloids isolated from Delphinium elatum seeds can be 
classified into three groups; norditerpenoid alkaloids acylated at C-18, 
norditerpenoid lacking an acyl group at C-18 and diterpenoid alkaloids. From the C-
18 acylated norditerpenoid alkaloids elanine 113 (Pelletier et al., 1990), 
methyllycaconitine (MLA) 4 (Ross et al., 1991), the imine pacifidine 114, the δ 
lactam pacifiline 115, the N-deethyl alkaloid pacifinine 116, and andersonidine 117 
































  116       117 
However, several alkaloids have been isolated of the norditerpenoid alkaloids 
lacking an acyl group at C-18 e.g. the methylenedioxy-containing alkaloids; pacinine 
118, delectinine 119 (Pelletier et al., 1990), delpheline 120, lycoctonine 5, 
naudicauline 18, deltaline 21, 14-acetylnaudicauline 121, elasine 122 (Ross et al., 
1991), eladine 123, yunnadelphinine 124, pacidine 125, isodelpheline 126, delcorine 
20 (Wada et al., 1992), iminodelpheline 127, iminoisodelpheline 128, N-formyl-4,19-
secopacinine 129, iminopaciline 130, 6-dehydroeladine 131, and elapacidine 132 
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Some C20-diterpenoid alkaloids have also been isolated, such as ajaconine 
133 (Pelletier et al., 1990) and the novel furano-hetisine type (C-2/C-19 ether) 











2.2.2. Diterpenoid alkaloids from other Delphinium species 
 
Three new norditerpenoid alkaloids isolated from the whole herb of 
Delphinium tianshanicum, tianshanisine 135, tianshanine 136 both from the 
lycoctonine type and tianshanidine 137 which is the imine analogue of delcorine 20 
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Anthriscifolcine A 138, a C18-diterpenoid alkaloid of the lycoctonine-type 
was isolated from the ethyl acetate fraction of Delphinium anthriscifolium var. majus 












Five diterpenoid alkaloids of the hetisane- type were isolated from the whole 
plants of Delphinium trichophorum Franch. named trichodelphinines(A-E) 139-143 
and one from the delnudine-type C20-diterpenoid alkaloid named trichodelphinine F 
144. Trichodelphinines are characterized by their exocyclic double bond at C-16, 
trichodelphinine A 139 and B 140 are substituted with isobutyryl groups at C-13, 



























  143       144 
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Ajadelphine 145 and ajadelphinine 146, new norditerpenoid alkaloids have 
been isolated from Delphinium ajacis roots, together with delsoline 17, deltaline 21, 
gigactonine 37, delcosine 39, 18-methoxygadesine 147, and delphisine 148 (Pelletier 
et al., 1992). Deltaline 21 was reported to be a major diterpenoid alkaloid component 
of the roots of Delphinium delavayi Franch. var. pogonanthum (Hand.-Mazz.) (Wang 



















  147       148 
 
Three new diterpenoid alkaloids were isolated from the whole plants of 
Delphinium yunnanense, the rearranged-type norditerpenoid alkaloid with a C-7 oxo 
group named yunnanenseine A 149, this alkaloid is closely related to the known C19-
rearranged alkaloid anhydrolycaconitine isolated from Aconitum septentrionale 
roots, except for the methyl group on the succinimido ring. The other two are 




















     151 
 
Three new norditerpenoid alkaloids have been isolated from the whole herbs 
of Delphinium majus named majusines (A-C) 152-154 together with and six new 
diterpenoid alkaloids, majusimines (A-D) 155-158 and majusidine A 159 and B 160 
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51 
 
Three new diterpenoid alkaloids named as tatsienenseines (A-C) 161- 163 
have been isolated from the whole plant of Delphinium tatsienense together with 
several known diterpenoid alkaloids, i.e. delsoline 17, ajacine 38, delcosine 39, 
ajadelphine 145, majusine C 154, delbonine 164, barbaline 165, 7-acetylbarbaline 
166, 14-acetylbrowniine 167, delgrandine 168, acetyldelgrandine 169, tatsinine 170, 
deacetylambiguine 171, postanisine F 172, delsemine A 173, and delsemine B 174. 
Tatsienenseines B 162 and C 163 together with majusidine B 160 are the only 
examples of hetisine-type diterpenoid alkaloids possessing a ketone group at C-3 



























































Six norditerpenoid alkaloids were isolated from the aerial parts of 
Delphinium schmalhausenii Alb., the regioisomers delsemine A 173 and delsemine B 
174, both showing aminosuccinyl-N-anthranoyl terminal, together with N-






























Two imine-lycoctonine type norditerpenoid alkaloids have been isolated 
named 14-demethyl-14-isobutyrylanhweidelphinine and 14-demethyl-14-
acetylanhweidelphinine together with one diterpenoid alkaloid named 2-
dehydrodeacetylheterophylloidine from the aerial parts of Delphinium pentagynum 











  176       177 
 
 
A new diterpenoid alkaloid 13-(2-methylbutyryl) azitine 178 together with 
ten known alkaloids have been isolated from the roots of Delphinium scabriflorum, 
lycoctonine 5, ajacine 38, delcosine 39, delectinine 119, 14-deacetyl-14-
isobutyrylajadine 179, methyllycaconitine 4, delbine 180, dictysine 181, 14-




























 182       183 
 
8-Acetylcondelphine 184, the 8, 14-diacetyl alkaloid has been isolated from 
the aerial parts of Delphinium pyrimadale together with condelphine 23, 












Siwanine (A-D) 185-188 have been isolated from the aerial parts of 
Delphinium siwanense var. leptogen distributed in the northwest part of China. 
Siwanine D 188 is the N-methyl analogue of siwanine B 186, while siwanine C 187 













  187       188 
 
Investigation of Delphinium cardiopetalum herb collected in Spain, led to 
isolation of eight norditerpenoid alkaloids, 14-benzoylnudicaulidine 189, 14-
isobutyrylnudicaulidine 190, 14-cis-cinnamoylnudicaulidine 191, 14-trans-
cinnamoylnudicaulidine 192, 14-(2-methylbutyryl)nudicaulidine 193, 14-benzoyl-
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R = (E) R = (Z) 
 14-cinnamoylnudicaulidine 14-cinnamoylnudicaulidine 
14-benzoyldihydrogadesine 14-(2-methylbutyryl) nudicaulidine 
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Taxonomy of examined plants 
 
Aconitum carmichaelii, Aconitum napellus and Aconitum lycoctonum 
Kingdom Plantae 
Division Magnoliophyta 
Class  Magnoliopsida 
Order  Ranunculales 
Family  Ranunculaceae 
Subfamily Ranunculoideae 
Tribe  Delphinieae 
Genus  Aconitum 
Species carmichaelii, napellus and lycoctonum 





Class  Magnoliopsida 
Order  Ranunculales 
Family  Ranunculaceae 
Subfamily Ranunculoideae 
Tribe  Delphinieae 









Chapter 3. Experimental 
 
3.1. General techniques and instrumentation, chemicals, reagents, and solvents 
 
Chemicals and solvents were purchased from Sigma-Aldrich, Acros and 
Carbosynth. Water generally refers to distilled water or Milli-Q water for HPLC 
assays. Solvents were evaporated using rotary evaporator (Büchi Rotavapor R-114) 
using a water bath (Büchi B-480) and a vacuum pump (vacuubrand PC 2001 vario) 
connected to a pressure controller (vacuubrand CVC 2 II). 
 
3.2. Plant materials 
 
Aconitum napellus and A. carmichaelii seeds were purchased from Thompson 
& Morgan, UK. A. lycoctonum was grown in Bath, UK, and the seeds were harvested 
in April 2012. Delphinium elatum seeds were obtained as a generous gift from 
Blackmore & Langdon, Pensford, UK. Both commercial suppliers are well-
established, reliable UK suppliers. The seed genera were shown to be correct chemo-
taxonomically after isolation and identification of various reported norditerpenoid 
alkaloids from the different extracts. 
 
3.3. Thin layer chromatography (TLC) 
 
Analytical TLC used was pre-coated aluminium backed plates purchased 
from Merck, with silica GF254 60 in 0.25 mm thickness. HPTLC (Nano-Adamant 
UV254 pre-coated silica gel 60) plates were purchased from Macherey-Nagel. TLC 
conditions were according to Stahl procedures (Stahl, 1969). TLC was carried out to 
determine the suitable mobile system for alkaloids isolation in column 
chromatography and in monitoring the fractions eluting from the column.  
TLC plates were observed under UV light using short wave 254 nm. 
Dragendorff’s reagent (spraying reagent) or iodine vapour were used to visualize the 
alkaloids. Dragendorff’s reagent preparation is a two-step process; first by preparing 
the stock solution (25 g (+) tartaric acid and 2.125 g bismuth oxynitrate in 100 mL 
water) which is shaken for 1 h, then 20 g potassium iodide in 50 mL water was added 
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and allowed to stand for 24 h then decanted. Second step is diluting 10 mL of the 
stock solution with aqueous (+) tartaric acid (20% w/v). 
 
3.4. Column chromatography 
 
Column chromatography was performed on silica gel 60 purchased from 
Acros, 0.04-0.070 mm. Flash column chromatography Column chromatography was 
performed on RediSep prepacked columns with a Teledyne Isco CombiFlash 
instrument and performed according to Still and co-workers procedures (Still et al., 
1978). 
 
3.5. High performance liquid chromatography (HPLC) 
 
The high performance liquid chromatography (HPLC) experiments were 
carried out on Jasco PU-980 instrument consisted of a solvent delivery system, 
constant volume pump, and monitored by a Jasco PU-975 variable wavelength 
ultraviolet detector. HPLC detection was typically by UV absorbance at λmax 232 nm 
detecting the benzoyl chromophore of the aconitine-type alkaloids. Chromatogram 
traces were recorded on a Goerz Metrawatt Servogor SE 120 recorder. 
All columns used were pre-packed reversed phase HPLC columns, purchased 
from Phenomenex Inc.:  Analytical columns:  Octadecyl silane (C18) (2) Luna 5 µ 
150 X 4.6 mm, (Pentafluorophenyl) PFP (2) Luna 5µ 150 x 4.5 mm, Phenylhexyl 
(P6) 5 µ 150 X 4.6 mm and octyl silane (C8) 5 µ 150 X 4.6 mm. Semi preparative 
columns:  PFP (2) Luna 5µ 250 x 10 mm and Gemini 5µ C18 250 x 10 mm. 
All the HPLC mobile phase systems were prepared using HPLC grade 
methanol or acetonitrile purchased from Sigma-Aldrich. The elution was always 
isocratic. The aqueous part of the mobile phase was filtered through Milli-Q Plus PF. 
The mobile phase was shaken vigorously and degassed using Decon ultrasonicator 
for 30 min. Samples were dissolved in pure organic solvent followed by filtration 
through syringe filter (Nylon 0.45µm) before injection in to a 20 µL loop in 






3.6. Spectroscopic analysis 
 
3.6.1. Mass spectrometry (MS) 
 
High Resolution Time-of-Flight mass spectra were obtained on a Bruker 
Daltonics micrOTOF spectrometer using electrospray ionisation (ESI). All of the 
compounds were investigated in the positive mode. 
Thin layer chromatography-Mass spectrometry interface (TLC-MS) interface 
instrument, it semi-automatically extracts zones of interest from TLC plates using 
any appropriate solvent in a rapid and contamination-free way, with the standard 
flow speed of the HPLC-MS system (e.g. 0.2 mL/min). After extraction the eluate is 
then transferred into the mass spectrometer. 
 
3.6.2. Nuclear magnetic resonance spectroscopy 
 
NMR characterisation facilities were provided through the Chemical 
Characterisation and Analysis Facility (CCAF) at the University of Bath 
(www.bath.ac.uk/ccaf). Spectra were obtained using Bruker Avance III 
Spectrometers operating at either 400.04 or 500.13 MHz for 1H and 100.60 MHz or 
125.77 MHz for 13C. Unless specified standard Bruker pulse sequences were used via 
Topspin 2.1. Chemical shift referencing was typically achieved using residual 
solvent peaks. Unless specified samples were held at 25 C. 15N chemical shifts were 
obtained via indirect detection using with 15N-1H HSQC or 15N-1H HMBC where 
appropriate and were externally referenced to liquid NH3. 
All samples were dissolved in appropriate solvents e.g. deuterated-
chloroform (CDCl3), deuterated-methanol (CD3OD), deuterated-water (D2O) and 
deuterated-dimethyl sulfoxide (DMSO-d6). All deuterated solvents were purchased 
from Goss Scientific, Cambridge Isotope Laboratories (D, 99.8%). 
Chemical shifts (δ) are given in parts per million (ppm). Coupling constants 
are reported in Hertz (Hz). Multiplicities are abbreviated as:  (s) singlet, (d) doublet, 






3.7. X-ray crystallography 
 
X-ray crystallography was obtained at 150-152 K using graphite 
monochromated Mo(Kα) radiation and Nonius Kappa CCD diffractometer by Dr 
Gabriele Kociok-Kohn, Department of Chemistry, University of Bath. 
The pH was measured using Jenway 3305 pH meter and Mettler Toledo 
micro-electrode. The instrument was calibrated using 0.05 M potassium hydrogen 
phthalate and 0.01 M disodium tetraborate buffers. 
 
3.8. Extraction of diterpenoid alkaloids from Aconitum napellus seeds using 
different solvents 
 
Aconitum napellus seeds (250 g) were ground and defatted by extraction with 
petroleum ether (2.5 L, 40-60οC grade) in a Soxhlet apparatus for eight cycles, 77 g 
oil was obtained. The powder was air dried, divided into two portions 80 g each, one 
macerated overnight in acetone and the other in methanol, then sonicated for 30 min 
and left to stand for 16 h. This step was repeated four times and each extract was 
evaporated to dryness under reduced pressure at 45οC using a vacuum rotary 
evaporator. Each extract was tested for the presence of alkaloids using Dragendorff’s 
reagent. The combined crude extract was accurately weighed to be (1 g) and (9.8 g) 
respectively. NMR data were recorded in d6-DMSO. 
Each extract was partitioned between 0.1M HCl (100 mL) and 
dichloromethane (200 mL). The organic layer was further extracted with aqueous 
HCl (3 x 100 mL) until the last extraction showed a negative result on analysis with 
Dragendorff’s reagent. The aqueous layer was collected and made alkaline using 
dilute ammonia solution then partitioned against dichloromethane (3 x 100 mL) 
washed with water to remove any excess ammonia then dried (Na2SO4). The solvent 
was evaporated in vacuo to yield the dry alkaloidal extract (110 mg) and (400 mg) 
respectively. NMR data were recorded in CDCl3 on a Bruker (400 MHz) 
spectrometer and the High Resolution Time-of-Flight mass spectra were obtained on 
a Bruker Daltonics micrOTOF spectrometer using electrospray ionisation (ESI) on 
both samples. The powdered seeds obtained from the previous step were dried, 
combined and extracted with 0.1M HCl; acid-base cycling was repeated to ensure 
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full extraction of alkaloids and yielded dry alkaloidal extract (90 mg). NMR data in 
CDCl3 were recorded on a Bruker 400 MHz spectrometer. 
 
3.9. Monitoring aconitine degradation product formation using HPLC/HRMS 
 
Aconitine 1 (50 mg) was stored in 50 mL of methanol for 8 weeks at room 
temperature (18oC); during this time 20 μg/mL samples were withdrawn and the 
HRMS were recorded to monitor the formation of the degradation product [M+1]+ = 
618 Da. 
HPLC optimization:  HPLC instrument:  Jasco PU-980 pump and UV-975 
detector; column: Analytical Phenomenex PFP (2) Luna 5µ 15 x 4.5 mm; mobile 
phase:  0.1% formic acid: acetonitrile [65:35], 1 mL/min, Acetonitrile used was of 
HPLC grade supplied by Fisher. Solvents were filtered through Whatman Nylon 
membrane prior to use. Water was filtered by Milli-Q Plus PF. The aqueous mobile 
system was shaken vigorously and degassed on a Decon ultrasonicater for 30 
minutes before use. Samples were dissolved in pure organic solvent and filtered 
through 17mm SYR Filter Nylon 0.45 µm before injection using a 20 µL loop, 
detection UV λ = 232 nm. All the HPLC experiments were performed using isocratic 
elution.  
Mass spectrometry:  High Resolution Time-of-Flight Mass Spectra (HR ToF 
MS) were obtained on a Bruker Daltonics micrOTOF spectrometer using 
electrospray ionisation (ESI). 
 






Aconitine 1 (50 mg) was refluxed in methanol (20 mL) at 65oC for 6 h, 




Column: Phenomenex Gemini 5µ C18 250 x 10 mm; Guard Column: Phenomenex 
Gemini 5µ C18 10 ×10 mm. Detection was by UV absorbance at 232 nm. Mobile 
phase acetonitrile: water with 0.3% conc. NH3 [9:1 v/v], 3 mL/min. Acetonitrile used 
was of HPLC grade supplied by Fisher. Solvents were filtered through Whatman 
Nylon membrane prior to use. Water was filtered by Milli-Q Plus PF. The aqueous 
mobile system was shaken vigorously and degassed on a Decon ultrasonicater for 30 
minutes before use. Samples were dissolved in pure organic solvent and filtered 
through 17mm SYR Filter Nylon 0.45 µm before injection using a 100 µL loop. 
The compound was isolated at Rt 8 min (symmetric peak shape) versus Rt 34 
min (asymmetric peak) using PFP (2) Luna 5µ 250 x 10 mm semi-preparative 
column with the same mobile phase. 15 mg were collected and NMR data were 
recorded in CDCl3 using a Bruker 500 MHz machine. 
δH (CDCl3) (500 MHz), 8.03 (2H, dd, J = 7.8, 1 Hz, H-2' & 6'), 7.55 (1H, tt, J 
= 7.5, 1.5 Hz, H-4'), 7.43 (2H, t, J = 7.8 Hz, H-3' & 5'), 4.86 (1H, d, J = 5 Hz, H-14), 
4.58 (1H, d, J = 6.5 Hz, H-15), 4.10 (1H, d, J = 5.5 Hz, H-6), 3.90 (1H, t, J = 5 Hz, 
H-3), 3.74 (3H, s, C-16-OMe), 3.60 (1H, d, J = 8.5 Hz, H-18), 3.50 (1H, d, J = 8.5 
Hz , H-18), 3.31 (3H, s, C-18-OMe), 3.28 (3H, s, C-1-OMe), 3.28 (3H, s, C-6-OMe), 
3.28-3.27 (1H, m, H-16), 3.20 (1H, t, J = 7 Hz, H-1), 3.14 (3H, s, C-8-OMe), 3.07 
(1H, d, J = 11.5 Hz, H-19), 2.98 (1H, s, H-17), 2.83 (1H, m, NCH2CH3), 2.77 (1H, s, 
H-7), 2.62 (1H, br s, H-19), 2.60-2.58 (2H overlapping, m, NCH2CH3 and H-9), 2.52 
(1H, dd, J = 8, 2 Hz, H-12), 2.36 (1H, m, H-2), 2.12-2.10 (3H overlapping, m, H-5, 
H-12 and H10), 1.86 (1H, m, H-2), 1.17 (3H, t, J = 7.5 Hz, NCH2CH3). 
δC (CDCl3) (125 MHz), 166.2 (Ph-CO), 133.0 (C-4'), 130.1 (C-1'), 129.7 (C-
2' & 6'), 128.4 (C-3' & 5'), 93.3 (C-16), 83.1 (C-6), 82.4 (C-8), 82.1 (C-1), 79.3 (C-
14), 77.4 (C-15), 77.2 (C-18), 74.7 (C-13), 71.5 (C-3), 62.4 (C-16-OMe), 61.6 (C-
17), 59.1 (C-18-OMe), 55.0 (C-1-OMe), 58.5 (C-6-OMe), 50.5 (C-11), 49.9 (C-8-
OMe), 49.1 (NCH2CH3), 47.8 (C-19), 45.4 (C-5), 45.0 (C-9), 43.1 (C-4), 42.5 (C-7), 
41.3 (C-10), 36.0 (C-12), 32.7 (C-2), 13.0 (NCH2CH3); HRMS m/z of MH
+ found 
















Aconitine 1 (50 mg) was dissolved in d4-methanol (15 mL) and heated under 
reflux for 6 h at 65 oC, a sample was analysed by HRMS to check the formation of 
the deuterated derivative (M+1 621). The solvent was evaporated and replaced by 
acetonitrile and 6 mg/mL solution was prepared and purified using the HPLC method 
used for 14-O-benzoyl-8-O-methylaconine. A sample (9 mg) was collected and 
NMR data were recorded in CDCl3 using a Bruker 500 MHz machine. 
δH (CDCl3) (500 MHz), 8.03 (2H, dd, J = 7.7, 1 Hz, H-2'&6'), 7.55 (1H, tt, J 
= 7.7, 1 Hz, H-4'), 7.45 (2H, t, J = 7.7 Hz, H-3'&5'), 4.86 (1H, d, J = 5.3 Hz, H-14), 
4.60 (1H, d, J = 5.3 Hz, H-15), 4.10 (1H, d, J = 6.5 Hz, H-6), 4.02 (1H, t, J = 4.5 Hz, 
H-3), 3.76 (3H, s, C-16-OMe), 3.57 (1H, d, J = 8.5 Hz , H-18), 3.45 (1H, d, J = 8.5 
Hz, H-18), 3.35 (1H, m, H-19), 3.31 (3H, s, C-6-OMe), 3.30 (3H, s, C-18-OMe), 
3.29 (3H, s, C-1-OMe), 3.29 (1H, m, H-1), 3.26 (1H, d, J = 7.5 Hz, H-16), 3.11 (1H, 
s, H-17), 3.08 (1H, m, NCH2CH3), 2.90-2.83 (3H overlapping, m, H-19, H-7 and 
NCH2CH3), 2.60 (1H, t, J = 6.5 Hz, H-5), 2.35 (1H, tt, J = 14, 4.5 Hz H-2), 2.30 (1H, 
dd, J = 13.5, 4 Hz H-12), 2.22 (1H, d, J = 7 Hz, H-9), 2.20-2.12 (2H overlapping, m, 
H-12 and H-10), 1.73 (1H, tt, J = 14, 4.5 Hz, H-2), 1.23 (3H, t, J = 7 Hz, NCH2CH3). 
δC (CDCl3) (125 MHz), 166.2 (Ph-CO), 133.0 (C-4'), 130.0 (C-1'), 129.7 (C-
2' & 6'), 128.4 (C-3' & 5'), 93.2 (C-16), 82.7 (C-6), 82.5 (C-8), 81.4 (C-1), 79.1 (C-
14), 77.1 (C-15), 77.0 (C-18), 74.6 (C-13), 71.0 (C-3), 62.3 (C-17), 62.2 (C-16-
OMe), 59.1 (C-18-OMe), 55.5 (C-1-OMe), 58.6 (C-6-OMe), 50.5 (C-11), 49.3 
(NCH2CH3), 48.6 (C-19), 44.7 (C-5), 44.2 (C-9), 43.2 (C-4), 42.7 (C-7), 41.1 (C-10), 
36.0 (C-12), 31.5 (C-2), 12.2 (NCH2CH3); HRMS:  m/z of MH
+ found at 621.3490 
with molecular formula C33H45D3NO10 requires MH
+ 621.3461. 





3.10. Screening of diterpenoid alkaloids in A. napellus acetone extract 
 
3.10.1. Flash chromatography 
 
 The acetone extract was fractionated using Redisep basic alumina columns (2 
x 8 g), applying gradient elution of the mobile phase (A = cyclohexane, B = ethyl 
acetate: methanol 9:1 v/v) at a flow rate of 15 mL/min and adjusting the detection 
wavelengths to 232 and 280 nm. 200 fractions (10 mL) were collected and monitored 
by TLC using DCM: MeOH: NH3 (9:1:0.1) as a mobile phase. Fractions that showed 
the same profile of alkaloids after spraying with Dragendorff’s reagent, were 
combined together to yield 15 sub-fractions. 
 Fifteen samples corresponding to the fifteen fractions collected, were spotted 
on a silica plate (20 cm x 20 cm), mobile phase used was dicholoromethane: 
methanol: conc. ammonia (9: 1: 0.1), and the spots were visualised by iodine 
vapours. HRMS was recorded for each sample in 20 µg/mL concentration. 
 
3.10.2. HPTLC-MS interface of fraction 9 
 
 Fraction 9 showed two major spots on the TLC at Rf  0.25 and 0.51 using 
dicholoromethane: methanol: conc. ammonia (9: 1: 0.1) as a mobile phase, and 
HRMS revealed the presence of two major peaks found at MH+ 358.2425 and 
438.2974, which can be indicative of songorine (Kiss et al., 2013) and neoline 
presence (Zhu et al., 2013). 
 The sample solution (20%) was prepared, on an HPTLC silica gel glass plate 
(Macherey-Nagel 10 x 10 cm), one band of 8 mm length (20 µL) was applied in each 
half following the reported procedures of (Reich and Schibli, 2006). Using 
dicholoromethane: methanol: conc. ammonia (9: 1: 0.1) as a mobile phase, the plate 
was developed over a migration distance of 6 cm in a horizontal TLC tank. For 
detection just one track was sprayed with Dragendorff’s reagent then the spots were 
traced on the other half of the plate using the same coordinates. In this run, the two 















In order to correlate precisely the spot Rf with its molecular weight, direct 
extraction of the spots was carried out using the CAMAG TLC-MS Interface. For the 
extraction dichloromethane or any other appropriate solvent can be used at the 
standard flow rate of the HPLC-MS system (e.g. 0.1-0.2 mL/min). The elution head 
is positioned with the integrated laser crosshairs or based on the coordinates 
determined by the CAMAG TLC Scanner. After extraction the eluate is either 
transferred online into the mass spectrometer or collected in a sample vial for further 
offline analysis. 
 
3.11. Extraction and identification of some C19-diterpenoid alkaloids from 
Aconitum napellus seeds 
 
Weighed ground seeds (400 g) were defatted using petroleum ether in a 
Soxhlet apparatus (2.5 L, 40-60οC grade) for 10 cycles. (150 g) of oil was obtained. 
The powder was air dried, then macerated in 0.1M hydrochloric acid overnight, 
sonicated for 30 min and left to stand for 16 h. This step was repeated 4 times. The 
aqueous layer was decanted and made alkaline using conc. ammonia solution then 
partitioned against ethyl acetate (3 x 200 mL) washed with water to remove any 
excess of ammonia then dried using anhydrous Na2SO4, and evaporated to dryness 















Total alkaloidal extract from the 0.1M HCl extract, was evaporated to 
dryness, purified by column chromatography using silica gel and mobile phase 
toluene: ethyl acetate: diethyl amine (9.8:0.2:1) to (9:1:1) gradually in order of 
increasing polarity, followed by ethyl acetate: methanol: diethylamine (9:1:1). The 
eluate was collected in test tubes 15 mL each, then concentrated and monitored by 
TLC. The fractions were combined according to their TLC profile. Six fractions were 
obtained, fraction 2 (200 mg) was further separation by column chromatography 
using silica gel and mobile phase toluene: ethyl acetate: diethyl amine gradient 
elution in order of increasing polarity, yielding to isolation of aconitine 1 (50 mg) 
which was identified by co-chromatography, HRMS, and NMR spectroscopy. TLC 
toluene: methanol (7:3 v/v), detection by Dragendorff’s reagent at Rf 0.35. 
δH (CDCl3) (500 MHz), 8.03 (2H, dd, J = 8, 1 Hz, H-2' and 6'), 7.56 (1H, tt, J 
= 8, 1 Hz, H-4'), 7.45 (2H, t, J = 8 Hz, H-3' and 5'), 4.87 (1H, d, J = 5.4 Hz, H-14), 
4.47 (1H, dd, J = 5.4, 2.8 Hz, H-15), 4.04 (1H, d, J = 6.4 Hz, H-6), 3.77 (1H, d, J = 
4.5 Hz, H-3), 3.75 (3H, s,C-16-OMe), 3.6 (1H, d, J = 8.8 Hz, H-18) 3.50 (1H, d, J = 
8.8 Hz, H-18), 3.33 (1H, d, J = 5.4 Hz, H-16), 3.29 (3H, s, C-18-OMe), 3.26 (3H, s, 
C-1-OMe), 3.16 (3H, s, C-6-OMe), 3.12 (1H, m, H-1), 3.10 (1H, br s, H-17), 2.91-
2.87 (2H overlapping, m, H-9 and H-19), 2.83 (1H, br s, H-7), 2.77-2.68 (2H 
overlapping, m, H-12 and NCH2CH3), 2.45-2.30 (3H overlapping, m, NCH2CH3, H-2 
and H-19), 2.18-2.07 (3H overlapping, m, H-5, H-10 and H-12), 2.03-1.97 (1H, m, H-
2), 1.38 (3H, s, CH3CO), 1.09 (3H, t, J = 7.1 Hz, NCH2CH3). 
δC (CDCl3) (125 MHz), 172.6 (CH3CO), 166.2 (Ph-CO), 133.4 (C-4'), 129.9 
(C-1'), 129.7 (C-2' & 6'), 128.8 (C-3' & 5'), 92.2 (C-8), 90.1 (C-16), 83.5 (C-6), 82.5 
(C-1), 79.0 (C-14), 78.9 (C-15), 77.0 (C-18), 74.2 (C-13), 71.7 (C-3), 61.3 (C-16-
OMe), 59.3 (C-18-OMe), 58.1 (C-6-OMe), 56.1 (C-1-OMe), 50.1 (C-11), 49.1 
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(NCH2CH3), 47.1 (C-19), 46.9 (C-5), 44.8 (C-7), 44.3 (C-9), 43.2 (C-4), 41.0 (C-10), 
35.9 (C-12), 33.7 (C-2), 21.6 (CH3CO), 13.5 (NCH2CH3); HRMS MH
+ found at 
646.3230 with molecular formula C34H48NO11 requires MH
+ 646.3222. 
 








 Fraction 3 (150 mg) showed two main spots by TLC (dichloromethane: 
methanol: conc. ammonia 9:1:0.1), detection by Dragendorff’s spray reagent, one 
was for aconitine by comparing it to an authentic aconitine sample purchased from 
Sigma (Rf = 0.42), the other showed Rf value of 0.51. The fraction was further 
purified by column chromatography on silica gel using gradient elution of the mobile 
phase dichloromethane: methanol in order of increasing polarity. The eluate was 
concentrated under reduced pressure and monitored by TLC. The fractions were 
combined according to their TLC behaviour, yielding neoline 27 (25 mg). 
δH (CDCl3) (400 MHz), 4.21 (1H, t, J = 6.8 Hz, H-14), 4.16 (1H, d, J = 7.6 
Hz, H-6), 3.63 (1H, d, J = 6 Hz, H-1), 3.61 (1H, s, H-18), 3.38 (1H, d, J = 6.8 Hz, H-
16), 3.33 (3H, s, C-6-OMe), 3.33 (3H, s, C-16-OMe), 3.32 (3H, s, C-18-OMe), 3.25 
(1H, d, J = 8 Hz, H-18), 2.68 (1H, s, H-19), 2.66 (1H, d, J = 7.6 Hz, H-17), 2.55 (1H, 
q, J = 12, 7.2 Hz, NCH2CH3), 2.48 (1H, q, J = 12, 8 Hz, NCH2CH3), 2.38 (1H, dd, J 
= 15, 6.8 Hz, H-15), 2.30 (1H, m, H-19), 2.32-2.25 (1H, m, H-13), 2.17-2.15 (2H 
overlapping, m, H-5 and H-9), 2.09-2.00 (2H overlapping, m, H-12 and H-15), 1.99 
(1H, br s, H-7), 1.90-1.82 (2H overlapping, m, H-3 and H-10), 1.71 (1H, dd, J = 15, 
5 Hz, H-12), 1.64 (1H, dd, J = 15, 5 Hz, H-3), 1.56-1.47 (2H, m, H-2), 1.12 (3H, t, J 
= 7.2 Hz, NCH2CH3). 
δC (CDCl3) (100 MHz), 83.2 (C-6), 81.8 (C-16), 80.4 (C-18), 76.2 (C-14), 
74.2 (C-8), 72.3 (C-1), 63.9 (C-17), 59.3 (C-18-OMe), 58.0 (C-6-OMe), 57.1 (C-19), 
56.4 (C-16-OMe), 52.2 (C-7), 49.6 (C-11), 48.4 (C-9), 48.3 (NCH2CH3), 45.0 (C-5), 
44.2 (C-10), 43.0 (C-15), 40.3 (C-13), 38.2 (C-4), 30.0 (C-2), 29.5 (C-3), 29.3 (C-
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12), 13.2 (NCH2CH3); HRMS MH
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 Fraction 4 (80 mg) was further chromatographed on silica gel, eluted with a 
gradient solvent system (toluene:ethyl acetate: diethylamine 95:5:1-70:30:1), to 
afford five subfractions. Subfraction 3 was further purified by repeated column 
chromatography on silica gel (petroleum ether: acetone) gradient elution with 
increasing the polarity to afford 14-O-acetyltalatisamine (10 mg) identified by 
HRMS, and NMR spectroscopy. TLC (dichloromethane: methanol: conc. ammonia) 
(9:1:0.1), detection by Dragendorff’s spray reagent showed Rf value 0.35. 
δH (CDCl3) (500 MHz), 4.81 (1H, t, J = 5 Hz, H-14), 3.29 (3H, s, C-18-OMe), 
3.25 (3H, s, C-1-OMe), 3.23 (3H, s, C-16-OMe), 3.20 (1H, dd, J = 5, 12.6 Hz, H-16), 
3.12 (1H, d, J = 9 Hz, H-18), 3.10 (1H, d, J = 9 Hz, H-1), 3.00 (1H, d, J = 9 Hz, H-
18), 3.00 (1H, d, J = 9.4 Hz, H-17), 2.65-2.60 (1H, m, H-13), 2.55-2.50 (1H, m, H-
19), 2.50 (1H, m, NCH2CH3), 2.45-2.35 (1H, m, H-15), 2.40-2.35 (1H, m, 
NCH2CH3), 2.32 (1H, t, J = 5 Hz, H-9), 2.12 (1H, s, H-12), 2.08 (1H, m, H-7), 2.05 
(3H, s, CH3CO), 2.03 (2H, m, H-2), 1.99-1.96 (1H, m, H-19), 1.94-1.85 (3H 
overlapping, m, H-6, H-12 and H-15), 1.80 (1H, m, H-5), 1.77 (2H, m, H-3), 1.55-
1.52 (1H, m, H-6), 1.62 (1H, m, H-10), 1.05 (3H, m, NCH2CH3). 
δC (CDCl3) (125 MHz), 170.7 (CH3CO), 85.9 (C-1), 81.7 (C-16), 79.9 (C-
18), 77.2 (C-14), 73.7 (C-8), 62.3 (C-17), 59.5 (C-18-OMe), 56.3 (C-1-OMe), 56.2 
(C-16-OMe), 53.0 (C-19), 50.0 (C-11), 49.4 (NCH2CH3), 46.3 (C-7), 45.9 (C-10), 
45.5 (C-9), 45.0 (C-5), 40.9 (C-15), 38.8 (C-4), 35.4 (C-13), 32.8 (C-3), 28.5 (C-12), 
26.4 (C-2), 24.9 (C-6), 21.4 (CH3CO), 14.1 (NCH2CH3); HRMS:  MH
+ found at m/z 
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 Fraction 6 (180 mg) was subjected to a silica gel column chromatography, 
eluting with (chloroform: methanol: ammonia) (95:5:0.1 to 70:30:0.1), to afford four 
sub-fractions (I- 20 mg) (II-60 mg) (III-30) (IV-40 mg). Sub-fraction 6 II was 
purified over a silica gel column, eluted with (dichloromethane:methanol 95:5-80:20) 
to yield 14-O-benzoylaconine 95 (5 mg). TLC (dichloromethane: methanol: conc. 
ammonia) (9:1:0.1), detection by Dragendorff’s spray reagent showed Rf value 0.25. 
δH (CDCl3) (500 MHz), 8.05 (2H, dd, J = 7.3, 1.5 Hz, H-2' and 6'), 7.54 (1H, 
tt, J = 7.3, 1.5 Hz, H-4'), 7.45 (2H, t, J = 7.3 Hz, H-3' and 5'), 4.97 (1H, d, J = 5 Hz, 
H-14), 4.77 (1H, d, J = 5 Hz, H-15), 4.21 (1H, d, J = 6.5 Hz, H-6), 4.19 (1H, br s, H-
3), 3.74 (3H, s, C-16-OMe), 3.65 (1H, d, J = 8.5 Hz, H-18), 3.45-3.31 (1H, m, H-17), 
3.42 (1H, d, H-18), 3.42 (1H, m, H-19), 3.41 (1H, m, H-1), 3.38 (3H, s, C-6-OMe), 
3.33 (1H, m, NCH2CH3), 3.32 (3H, s, C-1-OMe), 3.28 (3H, s, C-18-OMe), 3.23 (1H, 
m, H-19), 3.15 (1H, d, J =5 Hz, H-16), 2.92 (1H, m, NCH2CH3), 2.85-2.82 (1H, m, 
H-5), 2.55 (1H, t, J = 6.5 Hz, H-9), 2.51-2.23 (1H, m, H-12), 2.25 (1H, m, H-10), 
2.22 (1H, m, H-7), 1.92-1.83 (1H, m, H-12), 1.58 (1H, m, H-2), 1.25 (1H, m, H-2), 
1.38 (3H, t, J = 7.5 Hz, NCH2CH3). 
δC (CDCl3) (125 MHz), 166.4 (Ph-CO), 133.0 (C-4'), 130.0 (C-2' & 6'), 129.8 
(C-1'), 128.5 (C-3' & 5'), 90.2 (C-16), 81.3 (C-6), 81.2 (C-15), 80.4 (C-1), 78.8 (C-
14), 78.2 (C-8), 77.6 (C-18), 74.3 (C-13), 70.1 (C-3), 64.1 (C-17), 60.8 (C-16-OMe), 
59.2 (C-18-OMe), 58.3 (C-6-OMe), 55.2 (C-1-OMe), 50.2 (C-19), 50.0 (NCH2CH3), 
49.9 (C-11), 48.0 (C-5), 44.0 (C-7), 43.9 (C-9), 43.3 (C-4), 40.7 (C-10), 35.5 (C-12), 
29.7 (C-2), 11.3 (NCH2CH3); HRMS m/z MH
+ found at 604.3113, with molecular 
formula of C32H46NO10 requires MH













 Sub-fraction (6 IV) was chromatographed on silica gel column and eluted 
with (dichloromethane:methanol 9:1-7:3) gradient elution in order of increasing 
polarity, to give taurenine 29 (10 mg). TLC (dichloromethane: methanol: conc. 
ammonia 9:1:0.1, detection by Dragendorff’s spray reagent) showed Rf 0.14. 
δH (CDCl3) (400 MHz), 4.40 (1H, dd, J = 5.6, 2.2 Hz, H-15), 4.10 (1H, t, J = 
5.6 Hz, H-14), 4.08 (1H, dd, J = 8, 2.2 Hz, H-6), 3.63-3.58 (2H overlapping, m, H-1 
and H-18), 3.45 (3H, s, C-16-OMe), 3.32 (3H, s, C-18-OMe), 3.26 (3H, s, C-6-
OMe), 3.21 (1H, d, J = , H-16), 3.05 (1H, d, J = 8.1 Hz), 2.90 (1H, br s, H-9), 2.78-
2.65 (2H overlapping, m, H-17, 1H NCH2CH3), 2.60 (1H, d, J = 10.8 Hz, H-19), 
2.41-2.30 (1H, m, NCH2CH3), 2.37-2.35 (1H, m, H-7), 2.33-2.26 (2H overlapping, 
m, H-10, and H19), 2.25 (1H, d, J = 6.2 Hz, H-5), 2.08 (3H, s, CH3CO), 1.93 (1H, d, 
J = 5.6 Hz, H-13), 1.90 (2H, overlapping, m, H-2 and H-3), 1.60-1.50 (2H, m, H-12), 
1.22 (2H overlapping, m, H-2 and H-3), 1.12 (3H, m, NCH2CH3). 
δC (CDCl3) (100 MHz), 172.3 (CH3CO), 91.7 (C-8), 88.5 (C-16), 84.2 (C-6), 
79.6 (C-18), 75.7 (C-15), 74.7 (C-14), 71.8 (C-1), 62.1 (C-17), 58.9 (C-18-OMe), 
58.0 (C-6-OMe), 57.6 (C-16-OMe), 56.1 (C-19), 49.0 (C-11), 48.2 (NCH2CH3), 46.6 
(C-7), 43.4 (C-13), 43.3 (C-9), 43.0 (C-5), 40.9 (C-10), 37.7 (C-4), 29.4 (C-2), 29.4 
(C-3), 29.6 (C-12), 22.1 (CH3CO), 12.8 (NCH2CH3); HRMS found at MH
+ 
496.2906 with a molecular formula of C26H42NO8 requires 496.2905. 
 
3.12. Extraction of diterpenoid alkaloids from Aconitum carmichaelii seeds 
 
Aconitum carmichaelii seeds (250 g) were ground and defatted by extraction 
with petroleum ether (2.5 L, 40-60οC grade) in a Soxhlet apparatus for eight cycles, 
80 g of oil was obtained. The powder was air dried, divided into two portions (78 g 
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each), one macerated overnight in acetone and the other in methanol, then sonicated 
for 30 min and left to stand for 16 h. This step was repeated 4 times and each extract 
was evaporated to dryness under reduced pressure at 45οC using a vacuum rotary 
evaporator. 
Each extract was partitioned between 0.1M HCl (100 mL) and 
dichloromethane (200 mL). The organic layer was further extracted with aqueous 
HCl (3 x 100 mL) until the last extraction showed a negative result on analysis with 
Dragendorff’s reagent. The aqueous layer was collected and made alkaline using 
dilute ammonia solution then partitioned against dichloromethane (3 x 100 mL) 
washed with water to get rid of any excess of ammonia then dried using anhydrous 
Na2SO4. The solvent was evaporated in vacuo to yield the dry alkaloidal extract (93 
mg) and (338 mg) respectively. NMR data were recorded in CDCl3 on a Bruker (400 
MHz) spectrometer and the High Resolution Time-of-Flight mass spectra were 
obtained on a Bruker Daltonics micrOTOF spectrometer using electrospray 
ionisation (ESI) on both samples. The powdered seeds obtained from the previous 
step were dried, combined and extracted with 0.1M HCl; acid-base cycling was 
repeated to ensure full extraction of alkaloids and yielded dry alkaloidal extract (40 
mg) (Fig. 1). NMR data in CDCl3 were recorded on a Bruker 400 MHz spectrometer. 
Another portion of seeds (250 g) was ground and defatted by using the same 
technique, the powdered seeds were allowed to dry, divided into two portions; one 
was macerated in 1M HCl and the other in dilute ammonia solution. Acid-base cycle 
was carried out and the alkaloidal yield was (250 mg) for the former and (70 mg) for 
the latter. 
 
3.13. Extraction of diterpenoid alkaloids from Aconitum lycoctonum seeds 
 
Aconitum lycoctonum seeds (30 g) were ground and defatted in a cellulose 
thimble by extraction with petroleum ether (500 mL, 40-60οC grade) in a Soxhlet 
apparatus for five cycles. The powder was air dried, macerated in methanol (200 
mL), then sonicated for 30 min and left to stand for 16 h. This step was repeated 4 
times and each extract was evaporated to dryness under reduced pressure at 45ο C 
using a vacuum rotary evaporator. Each extract was tested for the presence of 
alkaloids using Dragendorff’s reagent. The combined crude extract was accurately 
weighed (270 mg). Full NMR data were recorded. 
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The crude extract (200 mg) was partitioned between HCl (0.1M, 50 mL) and 
ethyl acetate (50 mL). The ethyl acetate layer was further extracted with aqueous 
HCl (3 x 50 mL) until the last extraction showed a negative result on analysis with 
Dragendorff’s reagent. The aqueous layer was collected and made alkaline using 
saturated NaHCO3 solution then partitioned against ethyl acetate (3 x 50 mL). The 
solvent was evaporated in vacuum to yield the dry alkaloidal extract (150 mg). NMR 
data were recorded in CDCl3 on a Bruker (400 MHz) spectrometer and the high 
resolution time-of-flight mass spectra were obtained on a Bruker Daltonics 
micrOTOF mass spectrometer using electrospray ionisation (ESI). 
 
3.14. Extraction of diterpenoid alkaloids from Delphinium elatum seeds 
 
3.14.1. From acetone and methanol extracts 
 
Delphinium elatum seeds (250 g) were ground and defatted by extraction with 
petroleum ether (2.5 L, 40-60οC grade) in a Soxhlet apparatus for eight cycles, (60 g) 
oil was obtained. The powder was air dried, divided into two portions (93 g) each, 
one macerated overnight in acetone and the other in methanol, then sonicated for 30 
min and left to stand for 16 h. This step was repeated 4 times and each extract was 
evaporated to dryness under reduced pressure at 45οC using a vacuum rotary 
evaporator. Each extract was partitioned between 0.1M HCl (100 mL) and 
dichloromethane (200 mL). The organic layer was further extracted with aqueous 
HCl (3 x 100 mL) until the last extraction showed a negative result with 
Dragendorff’s reagent. The aqueous layer was collected and made alkaline using 
dilute ammonia solution then partitioned against dichloromethane (3 x 100 mL) 
washed with water to get rid of any excess of ammonia then dried using anhydrous 
Na2SO4. The solvent was evaporated in vacuo to yield the dry alkaloidal extract (800 
mg) from acetone extract and (1.1 g) from methanolic extract. 
 
3.14.2. From concentrated aqueous ammonia and hydrochloric acid extracts 
 
Delphinium elatum seeds (250 g) were ground and defatted by extraction with 
petroleum ether (2.5 L, 40-60οC grade) in a Soxhlet apparatus for eight cycles, (65 g) 
oil was obtained. The powder was air dried, divided into two portions (87 g) each, 
75 
 
one macerated overnight in conc. ammonia solution and the other in 1M hydrochloric 
acid solution, then sonicated for 30 min and left to stand for 16 h. This step was 
repeated 4 times and each extract was evaporated to dryness under reduced pressure 
at 45οC using a vacuum rotary evaporator. The ammonia extract was shaken with 
dichloromethane (3 x 100 mL). The organic layer was washed with water to get rid 
of any excess of ammonia then dried using anhydrous Na2SO4. The solvent was 
evaporated in vacuo to yield the dry alkaloidal extract (770 mg). 
The 1M hydrochloric acid extract was made alkaline using conc. ammonia 
then partitioned against dichloromethane (3 x 100 mL) washed with water to get rid 
of any excess of ammonia then dried using anhydrous Na2SO4. The solvent was 
evaporated in vacuo to yield the dry alkaloidal extract (1.72 g). 
 
3.15. Isolation of some C19-diterpenoid alkaloids from Delphinium elatum seeds 
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The total alkaloidal extract from methanol was dissolved in dichloromethane 
and evaporated to dryness. The yellow residue formed was dissolved in hot 
hexane:ethanol (1:1), and allowed to cool over 16 h at room temperature, until 
crystals formed which were filtered and washed with cold hexane: ethanol [1:1, v/v]. 
The crystals were identified to be delpheline by X-ray crystallography, HRMS, and 
NMR TLC. TLC (cyclohexane:chloroform:diethylamine(5:4:1), detection by 
Dragendorff’s reagent) showed Rf = 0.45. 
δH (CDCl3) (500 MHz), 5.13 (1H, s, O-CH2-O), 5.05 (1H, s, O-CH2-O), 4.20 
(1H, s, H-6), 3.68-3.66 (1H, m, H-14), 3.64 (1H, t, J = 5 Hz, H-9), 3.42 (3H, s, C-14-
OMe), 3.35 (3H, s, C-16-OMe), 3.26 (3H, s, C-1-OMe), 3.25-3.23 (1H, m, H-16), 
3.09-3.02 (2H overlapping, m, H-1 and H-17), 2.78 (1H, br s, NCH2CH3), 2.66 (1H, 
br s, NCH2CH3), 2.66 (1H, br s, H-19), 2.55 (1H, m, H-12), 2.49 (1H, dd, J = 14.9, 
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8.8 Hz, H-15), 2.37 (1H, br s, H-13), 2.20 (1H, d, J = 5 Hz, H-19), 2.19-2.10 (1H, m, 
H-10), 2.19-2.08 (1H, m, H-2), 2.04-1.96 (1H, m, H-2), 1.86-1.82 (1H, m, H-15), 
1.82 (1H, m, H-12), 1.52 (1H, t, J = 7.2 Hz, H-3), 1.23 (1H, t, J = 7.2 Hz H-3), 1.24-
1.22 (1H, m, H-5), 1.05 (3H, t, J = 6.9 Hz, NCH2CH3), 0.93 (3H, s, H-18). 
δC (CDCl3) (125 MHz), 93.0 (O-CH2-O), 92.5 (C-7), 84.0 (C-8), 83.1 (C-14), 
82.8 (C-1), 81.9 (C-16), 79.3 (C-6), 63.7 (C-17), 57.3 (C-19), 58.0 (14-OMe), 56.4 
(16-OMe), 56.6 (C-5), 55.7 (1-OMe), 50.8 (NCH2CH3), 50.5 (C-11), 47.8 (C-10), 
40.4 (C-9), 37.8 (C-13), 37.0 (C-3), 34.0 (C-4), 33.5 (C-15), 28.2 (C-12), 26.0 (C-2), 
25.5 (C-18), 14.2 (NCH2CH3); HRMS:  m/z of MH
+ C25H40NO6 requires 450.2856, 
found at 450.2878. 
 
3.15.2. Isolation of methyllycaconitine 4 
 
The crude alkaloid extract from acetone (800 mg) was purified by column 
chromatography on silica using mobile phase dichloromethane in methanol in order 
of increasing polarity. The elution was collected in test tubes, 15 mL each. The eluate 
was concentrated and monitored by TLC. The fractions were combined according to 
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Further silica gel column chromatography of fraction B (170 mg) eluted with 
dichloromethane-methanol (0-30%), yielded seven sub-fractions, and sub-fraction 6 
was identified as MLA 4 by co-chromatography, HRMS, and NMR spectroscopy.  
TLC (cyclohexane:chloroform:diethylamine 5:4:1) detection by Dragendorff’s 
reagent showed Rf = 0.31. 
77 
 
δH (CDCl3) (500 MHz), 8.03 (1H, d, J = 8.5 Hz, H-6'), 7.67 (1H, t, J = 8.5 Hz, 
H-4'), 7.55 (1H, t J = 8.5 Hz, H-5'), 7.27 (1H, d, J = 8.5 Hz, H-3'), 4.11 (1H, d, J = 
11.2 Hz, H-18), 4.07-4.02 (1H, m, H-18), 3.87 (1H, s, H-6), 3.60 (1H, t, J = 4.6 Hz, 
H-14), 3.40 (3H, s, C-14-OMe), 3.34 (3H, s, C-6-OMe), 3.33 (3H, s, C-16-OMe), 
3.25 (3H, s, C-1-OMe), 3.20 (1H, m, H-16), 3.08-3.01 (3H overlapping, m, H-9, H-
2" and H-3"), 3.00-2.95 (1H, m, H-1), 2.93 (1H, br s, H-17), 2.95-2.90 (1H, m, 
NCH2CH3), 2.88-2.78 (1H, m, NCH2CH3), 2.70 (1H, d, J = 11.5 Hz, H-19), 2.62-
2.55 (1H, m, H-15), 2.50-2.35 (3H overlapping, m, H-12, H-3" and H-13), 2.45-2.40 
(1H, m, H-19), 2.22-2.11 (1H, m, H-2), 2.10-1.88 (2H overlapping, m, H-2 and H-
10), 1.89-1.78 (1H, m, H-12), 1.78-1.70 (2H overlapping, m, H-3 and H-5), 1.70-
1.62 (1H, dd, J = 14.4, 6 Hz, H-15), 1.62-1.50 (1H, m, H-3), 1.42 (3H, m, H-5"), 
1.07 (3H, t, J = 7.5 Hz, NCH2CH3). 
δC (CDCl3) (125 MHz), 179.8 (C-1"), 175.9 (C-4"), 164.0 (Ph-CO), 133.6 (C-
4'), 132.5 (C-2'), 130.9 (C-6'), 130.0 (C-3'), 129.4 (C-5'), 127.0 (C-1'), 90.8 (C-6), 
88.4 (C-7), 83.9 (C-1), 83.7 (C-14), 82.5 (C-16), 77.2 (C-8), 69.4 (C-18), 64.5 (C-
17), 58.1 (6-OMe), 57.8 (C-14-OMe), 56.3 (C-16-OMe), 55.8 (C-1-OMe), 52.3 (C-
19), 50.9 (NCH2CH3), 50.1 (C-5), 49.0 (C-11), 46.0 (C-10), 43.2 (C-9), 38.1 (C-13), 
37.5 (C-4), 37.0 (C-3"), 35.2 (C-2"), 33.6 (C-15), 32.0 (C-3), 28.7 (C-12), 26.1 (C-2), 
16.3 (C-5"), 14.0 (NCH2CH3); C37H50N2O10 requires MW 682; HRMS:  m/z of MH
+ 
C37H51N2O10 requires 683.3544, found at 683.3525. 
 
3.15.3. Isolation of iminodelsemine A/B 199 
 
Fraction D (135 mg) was subjected to sequential silica gel column 
chromatography, eluted with (dichloromethane:methanol:ammonia 9:1:0.1), 
(8.5:1.5:0.1) and (8:2:0.1) to give five sub-fractions, sub-fraction 3 yielded 
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δH (CDCl3) (500 MHz), 8.64 (1H, dd, J = 7.3, 1.8 Hz, H-3'), 7.94 (1H, dt, J = 
7.3, 1.8 Hz, H-6'), 7.72 (1H, s, H-19), 7.55 (1H, t, J = 7 Hz, H-4'), 7.10 (1H, t, J = 7.3 
Hz, H-5'), 4.61 (1H, t, J = 11.5 Hz, H-18), 4.44 (1H, dd, J = 11.5, 3.2 Hz, H-18), 3.91 
(1H, s, H-6), 3.84 (1H, s, H-17), 3.67 (1H, t, J = 4.5 Hz, H-14), 3.42 (3H, s, C-14-
OMe), 3.37 (3H, s, C-16-OMe), 3.36 (3H, s, C-6-OMe), 3.30 (1H, m, H-1), 3.27 (1H, 
m, H-16), 3.18 (3H, s, C-1-OMe), 3.06-3.01 (1H, m, H-3"b), 2.96 (1H, m, H-2"a), 
2.86 (1H, m, H-3"a), 2.86 (1H, m, H-9), 2.82 (1H, m, H-15), 2.73 (1H, dd, J = 15, 
7.1 Hz, H-2"b), 2.51 (1H, dd, J = 15, 6.9 Hz, H-3"a), 2.40 (1H, t, J = 4.5 Hz, H-13), 
2.36 (1H, dd, J = 15, 7.1 Hz H-2"b), 2.06 (1H, m, H-12), 2.05 (1H, m, H-10), 1.91 
(1H, s, H-5), 1.81 (1H, m, H-2), 1.78 (2H, m, H-3), 1.75 (1H, m, H-15), 1.48 (1H, m, 
H-12), 1.45 (1H, m, H-2), 1.32 (3H, d, J = 7.1 Hz, H-5"b), 1.27 (3H, d, J = 6.9 Hz, 
H-5"a). 
δC (CDCl3) (125 MHz), 177.7 (C-1"a), 174.6 (C-1"b), 173.5 (C-4"b), 170.5 
(C-4"a), 167.6 (Ph-CO), 165.3 (C-19), 141.6 (C-2'), 135.1 (C-4'), 130.2 (C-6'), 123.0 
(C-5'), 121.0 (C-3'), 114.7 (C-1'), 91.2 (C-6), 86.6 (C-7), 84.1 (C-14), 82.1 (C-16), 
81.1 (C-1), 77.5 (C-8), 66.9 (C-18), 64.5 (C-17), 58.7 (C-6-OMe), 57.8 (C-14-OMe), 
56.4 (C-1-OMe), 56.3 (C-16-OMe), 50.5 (C-11), 46.6 (C-4), 45.6 (C-5), 43.3 (C-10), 
43.1 (C-9), 41.9 (C-3"a), 39.3 (C-3"b), 39.1 (C-2"b),  38.2 (C-13), 36.5 (C-2"a), 33.2 
(C-15), 30.4 (C-12), 25.0 (C-3), 20.5 (C-2), 18.1 (C-5"b), 17.8 (C-5"a); HRMS 
showed a molecular ion [M+Na]+ found at m/z 692.3136, corresponding to the 
elemental formula of C35H47N3NaO10 requires 692.3159. 
 
 
R =  
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3.15.4. Effect of different bases on Iminodelsemine A/B 199 
 
Delphinium elatum seeds (40 g) were ground and defatted by extraction with 
petroleum ether (0.5 L, 40-60οC grade) in a Soxhlet apparatus for eight cycles, oil (9 
g) was obtained. The powder was air dried, macerated overnight in acetone, then 
sonicated for 30 min and left to stand for 16 h. This step was repeated four times and 
each extract was evaporated to dryness under reduced pressure at 45οC using a 
vacuum Büchi rotary evaporator. The extract was tested for the presence of alkaloids 
using Dragendorff’s reagent. The combined crude extract was then partitioned 
between 0.1M HCl (20 mL) and dichloromethane (50 mL). The organic layer was 
further extracted with aqueous HCl (3 x 20 mL) until the last extraction showed a 
negative result on analysis with Dragendorff’s reagent. The aqueous layer was 
divided into two equal portions, one is made alkaline using dilute ammonia solution, 
while the other with saturated sodium carbonate solution. Each was partitioned 
against dichloromethane (3 x 20 mL) washed with water to get rid of any excess of 
ammonia then dried using anhydrous Na2SO4. The solvent was evaporated in vacuo 
to yield the dry alkaloidal extracts. High Resolution Time-of-Flight mass spectra 
were obtained on a Bruker Daltonics micrOTOF spectrometer using electrospray 
ionisation (ESI) on both samples. 
 
3.16. HPLC method optimisation of aged aconitine sample 
 
3.16.1. Monitoring aged aconitine sample on different stationary phases 
 
Different stationary phases of the reversed phase type i.e. the analytical 
columns:  Phenomenex Octadecyl Silane (ODS, C18) (2) Luna 5 µ 150 x 4.6 mm, 
Pentafluorophenyl (PFP) (2) Luna 5µ 150 x 4.5 mm, Phenylhexyl (P6) 5 µ 150 X 4.6 
mm and Octyl Silane (C8) 5 µ 150 x 4.6 mm were used in this experiment. Detection 
was by UV absorbance at λ = 232 nm. Two mobile phases were prepared, 
acetonitrile: 2% aqueous ammonia [1:1 v/v] and methanol: 2% aqueous ammonia 
[7:3 v/v]. Acetonitrile and methanol used were of HPLC grade supplied by Fisher. 
Water was filtered by Milli-Q Plus PF. The mobile systems were shaken vigorously 
and degassed on a Decon ultrasonicater for 30 minutes before use. Samples were 
dissolved in pure organic solvent to be 1 mg/mL in concentration, and filtered 
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through 17mm SYR Filter Nylon 0.45 µm before injection using a 20 µL loop, the 
flow rate was adjusted at 1mL/min and all chromatogram traces were recorded on a 
Goerz Metrawatt Servogor SE 120 recorder. 
The same procedures were repeated on C18, PFP, and P6 reversed stationary 
phases, using two mobile systems with higher content of organic modifiers, i.e. [9:1 
v/v] of MeCN: 2% aq. NH3 and MeOH: 2% aq. NH3. 
 
3.16.2. Investigating different mobile phase polarities 
 
Using Phenomenex Octadecyl Silane (ODS, C18) (2) Luna 5 µ 150 x 4.6 mm 
analytical column. Five different mobile phase strengths were prepared from the 
acetonitrile: 2% aqueous ammonia, [1:1, 6.5:3.5, 7:3, 8:2, and 9:1 v/v]. Acetonitrile 
used was of HPLC grade supplied by Fisher. Water was filtered by Milli-Q Plus PF. 
The mobile phase was shaken vigorously and degassed on a Decon ultrasonicater for 
30 minutes before use. Samples were dissolved in pure acetonitrile to be 1 mg/mL in 
concentration, and filtered through 17mm SYR Filter Nylon 0.45 µm before injection 
using a 20 µL loop and the flow rate was adjusted at 1mL/min. Detection was by UV 
absorbance at λ = 232 nm, chromatogram traces were recorded on a Goerz Metrawatt 
Servogor SE 120 recorder. 
 
3.16.3. The influence of the eluent pH on the chromatographic separation of 
aconitine and 14-O-benzoyl-8-O-methylaconine 196 
 
From the previous experiment the acetonitrile: 2% aqueous ammonia [9:1 
v/v] was chosen for this pH dependant study as it showed the best resolution for the 
aged aconitine sample. Using the same Phenomenex Octadecyl Silane (ODS, C18) 
(2) Luna 5 µ 150 x 4.6 mm analytical column. Two sets of mobile phases of different 
pH were prepared, one with different ammonia concentrations (0.7, 0.35, 0.175, 
0.105, and 0.035%) and the other with different n-butylamine concentrations (2%, 
1%, 0.5%, 0.3%, 0.1%, and 0.05%). 
Acetonitrile used was of HPLC grade supplied by Fisher. Water was filtered 
by Milli-Q Plus PF. The mobile phase was shaken vigorously and degassed on a 
Decon ultrasonicater for 30 minutes before use. Samples were dissolved in pure 
acetonitrile to be 1 mg/mL in concentration, and filtered through 17mm SYR Filter 
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Nylon 0.45 µm before injection using a 20 µL loop and the flow rate was adjusted at 
1mL/min. Detection was by UV absorbance at λ = 232 nm, chromatogram traces 
were recorded on a Goerz Metrawatt Servogor SE 120 recorder 
 
3.17. pKa determination by NMR spectroscopy 
 
All of the NMR experiments were performed on a Bruker (500 MHz) 
spectrometer. Chemical shifts are given in ppm. Deuterium oxide (D2O), methanol-
d4, and d6-dimethyl sulfoxide, were purchased from Sigma. The pH was adjusted 
using (0.5 and 2 M) NaOH and (0.5 and 1M) HCl solutions. The pH values were 
chosen close to the predicted pKa values obtained using (ACD/Labs) software 
V11.02 and at two extreme pH values. The pH of the samples was regulated using 
small volumes of HCl and NaOH prepared solutions.  
The chemical shifts of the reporter proton close to the ionisable centre of N-
ethylpiperidine 219, aconitine 1 and aconitine artefact 196 were recorded in two 
different solvent system i.e. CD3OD:D2O (3:2 v/v) and DMSO:D2O (2: 1 v/v), at 
different pH of the solution. Then, by plotting the chemical shift (δ) versus pH, the 
pKa will be the inflection point of the sigmoidal curve. Whenever the measurements 
were performed in deuterated solvents, 0.44 pH units were subtracted to yield the 
corrected pKa values for non-deuterated environment. 
 
3.18. Determination of fatty acids composition 
 
The samples obtained from the defatting of Aconitum napellus, A. 
carmichaelii, A. lycoctonum, and Delphinium elatum seeds by petroleum ether (40-
60οC grade) using a Soxhlet apparatus, were subjected to two different assays in 
order to determine their fatty acids content. All the samples were liquid at 18oC, so 









3.18.1. Using gas chromatography/mass spectrometry GC/MS 
 
Oils obtained from defatting of the Aconitum napellus, Aconitum 
carmichaelii, Aconitum lycoctonum and Delphinium elatum seeds were subjected to 
transesterification step by two techniques, to be examined by gas chromatography for 
their fatty acid methyl esters (FAMEs) content. 
 
a) Transesterification of fatty acids using potassium hydroxide 
 
1 g of each oil was heated under reflux with 10 mL anhydrous methanol R 
and 0.2 mL 60 g/L potassium hydroxide in methanol, in a 25 mL round-bottomed 
flask for 15 min or until the solution is clear. The flask was cooled under running 
water, rinsed with 5 mL petroleum ether, transferred into a separating funnel. Brine 
solution (10 mL) was added and shaken vigorously, allowed to separate, then the 
organic layer was transferred to a vial containing anhydrous sodium sulfate, allowed 
to stand and then filtered. 20 µL/mL sample was injected into the Gas 
Chromatography/Mass Spectrometer (GC/MS). 
 
b) Transesterification of fatty acids using sulfuric acid 
 
One drop of the oil was trans-esterified using the technique reported by 
(Freedman et al., 1986). The oil was added to an excess of methanol (~20 ml) and 
0.5 mL concentrated sulfuric acid. The mixture was heated under reflux for 24 h at 
85ºC. On completion of the reaction, the mixture was then washed three times with 
distilled water to remove the methanol, glycerol, and acid catalyst. The organic layer 
was then dried under reduced pressure using a rotary evaporator at 40ºC and the 
obtained fatty acids methyl esters (FAMEs) were dissolved in ethyl acetate (20 ml) 
and then injected into the GC/MS. 
The fatty acid ratio was then calculated by GC/MS with the resulting FAMEs 
component compared to known FAME standards. GC/MS analysis was carried out 
on an Agilent 7890A gas chromatograph equipped with a capillary column (60 m x 
0.250 mm internal diameter) coated with DB-23 ([50%-cyanpropyl]-
methylpolysiloxane) stationary phase (0.25-μm film thickness) and a Helium mobile 
phase (flow rate: 1.2 ml/min) coupled with an Agilent 5975C inert MSD with triple 
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axis detector (Agilent Technologies, CA, USA). 1 μl of FAME solution was loaded 
onto the column, pre-heated to 150°C. This temperature was held for 5 min and then 
heated to 250°C at a rate of 4°C/minute and then held there for 2 min. 
 
3.18.2. Using NMR spectroscopy 
 
Oil samples were obtained from the defatting of Aconitum napellus, A. 
carmichaelii, A. lycoctonum, and Delphinium elatum seeds by petroleum ether (40-
60οC grade) using a Soxhlet apparatus. 20 mg of each oil sample was dissolved in 1 
mL CDCl3, 
1H-NMR experiments were recorded on Bruker 600 MHz spectrometer. 
All data were processed using Topspin 2.1 software and the selected regions 
corresponding to the glyceride, olefinic, bis-allylic, and terminal methyl protons were 
integrated; firstly, taking the tertiary glycerol proton peak as a reference peak it was 
integrated as one proton. Secondly, taking the terminal methyl protons peak as a 
reference peak, integrated as 9 protons, and finally using the methylenes next to the 
ester group peak as a reference peak after integrating it as 6 protons. Then, from the 
integrals obtained, the fatty acid proportions were calculated using the equations 
generated by Salinero and co-workers (Salinero et al., 2012): 
 
Vinylic protons integral = 2A+4B+6C 
Linoleic bisallylic protons integral = 2B 
Linolenic bisallylic protons integral = 4C 
A+B+C+D = 3 
 
 Also, two calculation methods were developed:  first, using the methylene-
intercept and the alkene signals, second, using the methylene intercept and the allylic 










In traditional methods of alkaloid extraction, the plant material undergoes 
repeated maceration with agitation at room temperature or with heating. Then, 
extracts are taken through an acid-base cycle which involves partition steps, 
filtration, separation and evaporation of solvents under reduced pressure. These 
procedures can be considered problematic when scaling-up or down is required. 
Soxhlet apparatus can be used for hot extraction. The disadvantage of this 
method is the continuous heating which is unsuitable for thermolabile components. 
Using low boiling point solvents can overcome this problem. However, trace 
impurities e.g. plasticisers can also be a problem. Petroleum ether is useful for 
removing fats and/or oils which are usually present in seeds. This defatting process 
prior to extraction is useful in optimizing penetration of the plant material by polar 
solvents such as alcohols. 
As alkaloids are usually weak bases, they form salts with strong acids. These 
salts being ionic, are soluble in polar solvents and water. By making the medium 
basic, the alkaloid salts will be converted into the free-base which has greater affinity 
for organic solvents. Utilizing this fact, alkaloids can be separated from non-basic 
compounds via liquid/liquid partition in an acid/base cycle. 
 
4.1.1. Solvent selection 
 
A variety of solvents can be used in alkaloid extraction from the powdered 
seeds, generally alcohols are widely used, but others e.g. dichloromethane, acid 
solution or acetone are also commonly used. 
In alkaloid extractions, after defatting with petroleum ether, methanol, 
acetone, ammonia, and 1M aqueous hydrochloric acid solution were used separately 
in macerating the plant material. Whilst methanol showed a better total alkaloid yield 
than acetone, it has a greater impact on the stability of the diester-diterpenoid 
alkaloids. Ammonia extraction showed a low total alkaloid yield together with 




4.2. Stability of aconitine 1 in different organic solvents 
 
HPLC in combination with mass spectrometry is often employed in the 
analysis of Aconitum alkaloids e.g. aconitine 1, mesaconitine 2 and hypaconitine 3. A 
stability study of aconitine was carried out in alcoholic solvents, which are often 
used in extraction techniques of plant materials and gave a higher total alkaloid yield 
for the extraction from A. napellus and A. carmichaelii seeds. 
 
4.2.1. Monitoring aconitine degradation products using HPLC/HRMS 
 
General extraction procedures for aconitine 1 and diester diterpenoid 
alkaloids often involves maceration in alcoholic solvents. In comparing HRMS data 
of Aconitum napellus alkaloidal extracts obtained from methanol and acetone 
(Figures 4.1a and b), both showed the same alkaloidal profile, but with an extra peak 
in the methanolic extract of m/z MH+ found at 618.3234, MH+ of O-methyl-14-O-
benzoylaconine requires 618.3273. Also, the 1H-NMR data of the methanolic 
alkaloidal extract showed an observed loss of the acetyl protons signal which 
appeared at δH 1.40 (3H, s) in the acetone alkaloidal extract. 
a) Acetone extract 
 
b) Methanolic extract 







Aconitine 1 when freshly dissolved in methanol, showed a single peak 
(HPLC Rt 7 min) (Figure 4.2 a). However, when HPLC analysis was carried out on 
the same sample after 2 h, 24 h, 1 week, 1 month, and 2 months stored at 18oC, it 
showed 3 peaks (with detection of the benzoate group) (Figures 4.2 b, c, d, e, and f). 
The additional peaks appear at Rt = 3.8 and 5.3 min. These 3 peaks were collected 
separately and analysed by HR-ESI-Mass Spectrometry (ESI MS). 
Peak 1 mixture of HRMS m/z MH+ found 632.3144, MH+ and m/z of MH+ found 
586.3013, MH+ of pyraconitine requires 586.3011 (Δ 0.5 ppm). 
Peak 2 HRMS m/z of MH+ found 618.3291, MH+ of methyl-14-O-benzoylaconine 
requires 618.3273 (Δ 3 ppm). 
Peak 3 HRMS m/z of MH+ found 646.3193, MH+ of aconitine 1 requires 646.3222 


















Figure 4.2. HPLC chromatograms of aconitine. 
 
a) Freshly prepared aconitine 1 in methanol, b) after 2 h, c) after 24 h, d) after 1 









This experiment was repeated using d4-MeOH, ethanol, d6-ethanol and d8-
isopropanol in order to investigate any differences in mass, and to determine if the 
compound eluting as peak 2 is formed due to loss of C2H4 or replacement of the 
acetate group at C-8 with O-methyl group from the methanol, both a resultant loss of 
28 Da (Figure 4.3). Aged aconitine sample in d4-MeOH chromatogram showed the 
presence of 3 major peaks, when analysed by HRMS/ESI spectrometry: 
Peak 1 was a mixture of 632.3170 and m/z of MH+ 586.2998, MH+ of pyraconitine 
requires 586.3011 (Δ 2.2 ppm). 
Peak 2 HRMS m/z of MH+ found 621.3490, MH+ of tri-deuterated methoxylated-14-
O-benzoylaconine 197 requires 621.3461 (Δ 5 ppm). This confirms the replacement 
of the acetate by a methoxy group from the solvent. 
Peak 3 HRMS m/z of MH+ found 646.3237, MH+ of aconitine 1 requires 646.3222 








  MH+ 618     MH+ 618 
 
Figure 4.3. Possible degradation products of aged methanolic sample of aconitine 1. 
 
Aged aconitine sample in ethanol chromatogram showed the presence of two 
major peaks. 
Peak 1 was a mixture of m/z of MH+ found 632.3459, MH+ of 8-O-ethyl-14-O-
benzoylaconine requires 632.3429 (Δ = -4.7 ppm) and m/z of MH+ found 604.3127, 
MH+ of 14-O-benzoylaconine requires 604.3116 (Δ = -1.8 ppm). 
Peak 2 HRMS m/z of MH+ found 646.3234, MH+ of aconitine requires 646.3222 (Δ = 
-1.9 ppm). 
Aconitine 1 stored in d6-ethanol showed the presence of m/z of MH
+ found 
637.3759, MH+ of penta-deuterated ethyl-14-O-benzoylaconine requires 637.3743 
while aconitine sample stored in d8-isopropanol for one week did not show the 
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formation of the corresponding degradation product, which is most probably due to 
steric hindrance effect as the isopropyl group is relatively bulky in comparison to 
methyl and ethyl groups. 
The stability of methanolic and ethanolic aconitine solutions was monitored 
by HPLC over time at 18oC using the previously mentioned HPLC method. The 
percentage of remaining aconitine in methanol when freshly prepared was (100%), 
after 2 h (98%); after 24 h (90%); and after 1 week (65%); after 1 month (27%); after 
2 months (5%) (Figure 4.4). From these data, a 10% loss of aconitine was found 
when stored for 24 h in methanol and a 73% loss after 1 month, but only a 20% loss 
after 1 month storage in ethanol, while aconitine 1 stored in acetone or acetonitrile 











Figure 4.4. The percentage of remaining aconitine 1 in methanol with time. 
 
The stability of diester-diterpenoid alkaloids from plants of the genus 
Aconitum L. has been studied in different solvents and pH buffers. Using 
HPLC/ESIMS method for analysing the concentration of diester-diterpenoid 
alkaloids, and their decomposition products were elucidated by HPLC/ESI-MS/MSn. 
In different solvents, e.g. dichloromethane, ether, methanol and distilled water, the 
decomposition pathways of diester-diterpenoid alkaloids are quite different and their 
difference in stabilities depends on their structures, in which substituents at the N 
atom and substituents at C-3 are different. The decomposition rate for aconitine is 
much faster than that of mesaconitine 2 and hypaconitine 3 in organic solvents. 




































at the nitrogen atom i.e. methyl instead of ethyl, while the differences between 
aconitine 1 and hypaconitine 3 are in the nitrogen atom and C-3 substituents. From 
which it can be concluded that the nitrogen position in the structure is important for 
pyrolysis of diester-diterpenoid alkaloids. These products have been identified to be 
of the deacetoxy aconitine-type alkaloids (Figure 4.5). The study showed that 
aconitine 1 and mesaconitine 2 relative concentration decreased to about 50% in 
















Figure 4.5. The proposed pathway of aconitine 1 decomposition in methanol. 
 
The experimental study results indicated that the stability of diester-
diterpenoid alkaloids is independent of the pH value of the solution in the range pH 
2.0-7.0, while in the buffer solution of pH 7-10, the relative concentrations of 
aconitine and mesaconitine were obviously decreased, and all three diester-
diterpenoid alkaloids decomposed largely in the solution at pH 10. Benzoylaconine 
95 and 8-deacetoxy-aconitine were found in all aqueous solutions at different pHs. 
Methanolysis of the C-8 acetoxy group in aconitine-type diterpenoid 
alkaloids has been employed in semi-synthesis of 14-O-benzoyl-8-O-methylaconine 
196, 8-deacetyl-8-O-methyldelphinine 200 and hokbusine A 201 from aconitine 1, 
delphinine and mesaconitine 2 respectively (Desai et al., 1989). 
MH+ of m/z 646 MH+ of m/z 586 
MH+ of m/z 618 
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Utilizing the same reaction different alcohols were used to prepare other 
alkaloids e.g. ethanol in preparation of acoforestine 202 and acoforestinine 203 from 
crassicauline A and yunaconitine, respectively; n-propanol in transformation of 
yunaconitine to 8-deacetyl-8-O-propylyunaconitine 204. All were prepared by 
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The facile replacement of the 8-acetoxyl group of the diterpenoid alkaloid 
with the alkyl group of the alcohols suggests artefact formation during extraction 
procedures of aconitine 1 and other diester diterpenoid alkaloids. Medicinal 
formulations such as tinctures that involve extracts in ethanol are likely to show 
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extensive degradation of such aconitine-type norditerpenoid diester alkaloids during 
storage and, on this occasion, be less toxic than the original diester-diterpenoid 
alkaloids. 
 
4.2.2. Possible synchronous fragmentation of aconitine 
 
This process was discussed in the case of ɣ-amino halides and arylsulfonates 
as a one-step mechanism of the type a-b-c-d-X, which takes place when the free 
electron pair of the nitrogen atom and Cα-X bond are oriented anti and parallel (anti-




Different compounds can meet the requirements e.g. 3β-chloro-tropane and 4-
bromo quinolidine. A solvolysis study on the rate and the products of stereoisomers 
of 4-, 5-, and 7-tosyloxy N-methyl decahydroquinoline in 80 % ethanol with those 
with other corresponding 1- and 2-decalyl tosylates was carried out. Axial isomers of 
4- and 5-tosylates that could not adopt the required orientation showed slower 
solvolysis rates in comparison to the equatorial ones (Figures 4.6 a and b) (Grob et 
al., 1964). 
In addition, both 7-tosylate isomers where the electron pair is unable to adopt 
the anti-parallel orientation with Cβ-Cɣ in the case of equatorial isomer, while in the 
axial isomer, the Cα-OTs as well as the electron pair are not anti-parallel to Cβ-Cɣ 



































c) 7-tosyloxy N-methyl decahydroquinoline 
 
 
Figure 4.6. Grob fragmentation in tosyloxy N-methyldecahydroquinoline isomers. 
 
 The conversion of aconitine 8-acetoxy group in methanol can proceed via the 
same synchronous fragmentation process, requiring the cleavage of C-7_C-17 bond, 
when the free electron pair of the nitrogen atom and the C-8-acetate bond are 
oriented anti and parallel to the C-7-C-17 bond followed by nucleophilic addition of 
















   196 
 
Figure 4.7. Suggested Grob-type fragmentation of aconitine 1 in methanol. 
 
The peak found in all aged aconitine samples at 586 Da was identified to be 
pyraconitine as an intermediate compound for the formation of 14-O-benzoyl-8-O-
methylaconine 196 from aconitine 1 as reported by Yue and co-workers (Yue et al., 
2008). However, it could be secoaconitine 99; a 7,17-seco-type C19-diterpenoid 
alkaloid possess the same molecular ion peak at 586 Da with the same molecular 
formula C32H43NO9, could likely be an aconitine artefact following the fore 
mentioned Grob-type fragmentation, but in this case the nucleophilic attack will be 
from the oxygen electron pair at C-3 towards C-17 (Figure 4.8). Secoaconitine 99 
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4.2.3. Isolation and identification of aconitine artefact  
 
Aconitine 1 (50 mg) was heated under reflux in methanol (20 mL) at 65oC for 
6 h, cooled and then purified by HPLC, using a hybrid silica stationary phase, semi-
preparative column:  Phenomenex Gemini 5µ C18 250 x 10 mm; guard column:  
Phenomenex Gemini 5µ C18 10 ×10 mm, UV detection ( = 232 nm), mobile phase 
acetonitrile:water with 0.3% conc. NH3 [9:1 v/v], 3 mL/min. The compound was 
isolated at Rt 8 min (symmetrical peak shape) 15 mg were collected and NMR data 
were recorded in CDCl3 using a Bruker 500 MHz spectrometer (Table 4.1). 
 
Table 4.1. NMR (500 MHz) spectral data of 14-O-benzoyl-8-O-methylaconine 196. 
No. δC δH 
1 82.1 3.20 t J = 7 Hz 
2 32.7 1.86 m, 2.36 m 
3 71.5 3.90 t J = 5 Hz 
4 43.1 - 
5 45.4 2.10-2.18 m 
6 83.1 4.10 d J = 5.5 Hz 
7 42.5 2.77 s 
8 82.4 - 
9 45.0 2.60-2.58 m 
10 41.3 2.10-2.18 m 
11 50.5 - 
12 36.0 2.11, 2.52 dd J = 8, 2 Hz 
13 74.7 - 
14 79.3 4.86 d J = 5 Hz 
15 77.4 4.58 d J = 6.5 Hz 
16 93.3 3.27-3.28 m 
17 61.6 2.98 s 
18 77.2 3.50 d J = 8.5, 3.60 d J = 8.5 Hz 
19 47.8 2.62 br s, 3.07 d J = 11.5 Hz 
1-OMe 55.0 3.28 s 
6-OMe 58.5 3.28 s 
8-OMe 49.9 3.14 s 
16-OMe 62.4 3.74 s 
18-OMe 59.1 3.31 s 
NCH2CH3 49.1 2.60 m, 2.83 m 
NCH2CH3 13.0 1.17 t J = 7.5 Hz 
PhCO 166.2 - 
1' 130.1 - 
2' & 6' 129.7 8.03 dd J = 7.8, 1.5 Hz 
3' & 5' 128.4 7.43 t J = 7.8 Hz 
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High resolution mass spectrometry (HRMS) data:  m/z of MH+ found at 
618.3291, MH+ of molecular formula C33H48NO10 requires 618.3273 (Δ 3 ppm). The 
13C-NMR data revealed the presence of 33 carbon atoms while the DEPT experiment 
showed the presence of 5 methylenes, and 6 quaternary carbons. 
The 1H-NMR spectra (Figure 4.10) revealed the absence of acetoxy group 
signal and the presence of N-ethyl fragment δH 1.17 (3H, t, J = 7.5 Hz) which have a 
1H-1H COSY relation with the two protons at δH 2.60 and 2.83 (Figure 4.11) and the 
absence of acetoxy group signals. Five methoxy groups were observed at δH 3.28, 
3.28, 3.14, 3.74, and 3.31 (3H, s, each), using the HSQC spectrum (Figure 4.9) they 
were correlated to carbons at δC 55.0, 58.5, 49.9, 62.4, and 59.1 respectively and 
assigned to be on C-1, C-6, C-8, C-16, and C-18 respectively, according to their long 
range couplings. It was observed that the quaternary C-8 resonates at δC 82.4 (8-
methoxy), which is about 10 ppm difference from its analogue in aconitine (Table 
4.4) that appears at δC 92.2 (8-acetoxy), which can be attributed to the stronger 























































H-1 H-3 H-19 
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4.2.4. Semi-synthesis of the deuterated aconitine artefact 197 
 
In order to assign the new methoxyl group (on C-8) unambiguously, the 
deuterated aconitine artefact 197 was prepared by dissolving aconitine (50 mg) in 15 
mL of d4-methanol and refluxed for 6 h at 65
oC, sample was sent to the HRMS to 
check the formation of the deuterated derivative, m/z of MH+ found at 621.3490 with 
molecular formula C33H45D3NO10 requires MH
+ 621.3461. Then, the solvent was 
evaporated and replaced by acetonitrile and 6 mg/mL solution was prepared ready 
and purified using the same fore mentioned HPLC method used for 14-O-benzoyl-8-
O-methylaconine 196. Deuterated aconitine artefact 197 (9 mg) was collected and 
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Table 4.2. NMR (500 MHz) spectral data of the deuterated aconitine artefact 197. 
No. C H No. C H 
1 81.4 3.29 m 17 62.3 3.11 s 
2 31.5 1.73 tt J = 14, 4.5 
Hz, 2.35 tt J = 14, 
4.5 Hz 
18 77.0 3.45 d J = 8.5 Hz, 
3.57 d J = 8.5 Hz 
3 71.0 4.02 t J = 4.5 Hz 19 48.6 2.84 m, 3.35 m 
4 43.2 - 1-OMe 55.5 3.31 s 
5 44.7 2.60 t J = 6.5 Hz 6-OMe 58.6 3.29 s 
6 82.7 4.10 d J = 6.5 Hz 8-OMe CD3 3.13 in D observe 
7 42.7 2.83 m 16-OMe 62.2 3.76 
8 82.5 - 18-OMe 59.1 3.30 s 
9 44.2 2.22 d J = 7 Hz NCH2CH3 49.3 2.84 m, 3.08 m 
10 41.1 2.12-2.18 m NCH2CH3 12.2 1.23 t J = 7 Hz 
11 50.5 - PhCO 166.2 - 
12 36.0 2.20 m, 2.30 dd J = 
13.5, 4 Hz 
1' 130.0 - 
13 74.6 - 2' & 6' 129.7 8.03 dd J = 7.7, 1 
Hz 
14 79.1 4.86 d J = 5.3Hz 3' & 5' 128.4 7.45 t J = 7.7 Hz 
15 77.1 4.60 d J = 5.3Hz 4' 133.0 7.55 tt J = 7.7, 1 
Hz 



























































The NMR data (Figures 4.12, 4.13, 4.14 and 4.15) of the deuterated aconitine 
artefact 197 listed in Table 4.2 is closely related to that of 14-O-benzoyl-8-O-
methylaconine 196, replacing a proton with a deuterium should cause an upfield shift 
in the signals of the nearby atoms. The effect is typically of 10-30 Hz in the directly 
attached carbon (0.1-0.3 ppm) (Williams and Fleming, 2008). However, it was 
observed that the CD3 signal in the deuterated artefact 197 almost disappeared, this is 
due to the large loss of the peak intensity as a result of the peak splitting into septet 
and its splitting pattern is 1:3:6:7:6:3:1. The deuterium observe NMR experiment 














Figure 4.16 Deuterium observe NMR spectrum of the deuterated aconitine artefact 197. 
 
For a given chemical species and its deuterium isotopomer, their chemical 
shifts in 1H-NMR and D-NMR are very similar, with minor isotope effect. This 
similarity is due to the fact that their local chemical environments are nearly 
identical. Therefore, spectral interpretation can be easily extrapolated from the 
knowledge of 1H-NMR to D-NMR, or vice versa (Schory et al., 2004). 
In D-NMR, only the deuteron signal is observed. All proton signals are 
(clearly) not visible in D-NMR, the typical solvent used in the D-NMR experiment is 
non-deuteriated, e.g. chloroform, H2O and DMSO (protio). This choice of solvent is 
indeed unconventional. Under proper experimental settings, D-NMR is essentially 
quantitative in peak integration. 
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4.3. Screening of diterpenoid alkaloids in A. napellus acetone extract 
 
4.3.1. Flash chromatography 
 
A. napellus acetone extract was fractionated using Redisep basic alumina 
columns (2 x 8 g), applying gradient elution of the mobile phase (A = cyclohexane, B 
= ethyl acetate: methanol 9:1 v/v) at a flow rate of 15 mL/min and adjusting the 
detection wavelengths to 232 and 280 nm. 200 fractions (10 mL) were collected and 
monitored by TLC using DCM: MeOH: NH3 (9:1:0.1 v/v/v) as a mobile phase. 
Fractions that showed the same profile of alkaloids after spraying with Dragendorff’s 
reagent, were combined together to yield 15 sub-fractions (Figure 4.17). 20 µg/mL of 
each fraction was prepared and analysed using HRMS. The data obtained were 
compared with the previously published data of isolated A. napellus alkaloids and 
listed in Table 4.3 where mass/charge is m/z. 
The data obtained from the 15 fractions showed that this is a good pragmatic 
method for rapid assessment of alkaloid content of any extract and can be used as 
















Figure 4.17. TLC of A. napellus alkaloid fractions from the acetone extraction. 
 








possibilities previous reports 










(Chen et al., 1999) 
(Kiss et al., 2013) 
(Pelletier and Joshi, 1990) 
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12-epidehydronapelline or songorine 
aconitine 
(Zhu et al., 2013) 
(Kiss et al., 2013) 
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napelline 
(Zhu et al., 2013) 
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senbusine A or neolinine 
(Pelletier et al., 1985) 






senbusine A or neolinine 
14-O-acetylvirescenine 
taurenine 
hokbusine A or 14-O-
benzoylaconine 
(Kiss et al., 2013) 
(Chen et al., 1999) 
(Kiss et al., 2013) 
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taurenine 
aconitine 
(Kiss et al., 2013) 
(Kiss et al., 2013) 






(Zhu et al., 2013) 
(Zhu et al., 2013) 
 
4.3.2. HPTLC-MS interface 
 
HPTLC of fraction 9 showed the presence of two major spots at Rf 0.46 and 
0.81. Extraction of these spots were carried out using the CAMAG TLC-MS 
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interface, by eluting each spot separately using acetonitrile, then carrying out their 
mass spectral analysis revealed that these spots are correlated to MH+ 358 and 438 
respectively. This technique can help in targeted isolation of compounds of interest, 
saving time and effort in the laboratory. 
It is a direct extraction method which is more efficient, rapid with 
contamination-free elution of selected zones in comparison to the old extracting 
technique in which the zones were scraped off the plate, extracted into a tube, and 
finally transferred to the MS system. 
 
4.4. Isolation and identification of some C19-diterpenoid alkaloids from A. 
napellus seeds 
 







     1 
HRMS MH+ found at 646.3230 with molecular formula C34H48NO11 requires 
MH+ 646.3222 (∆ -1.2 ppm). Aconitine 1 was the first alkaloid identified from 
Aconitum species, which was isolated by Geiger et al. in 1833 (Glasby, 1975). 
Systematic investigation of Aconitum alkaloids was initiated in 1936 by Jacobs 
(Jacobs and Elderfield, 1936). TLC (toluene:methanol, 7:3 detection by 
Dragendorff’s spray reagent) showed Rf 0.35. Aconitine 1 was dissolved in CDCl3 
and NMR data were recorded on a Bruker (500 MHz) spectrometer. Assignments 
were made by 1D, 2D 1H, 13C, DEPT, HSQC and HMBC experiments (Figures 4.18, 
4.19, 4.20, 4.21, 4.22, 4.23, 4.24, 4.25, 4.26, and 4.27). Chemical shifts (δ) are in 
parts per million (ppm) with reference to the most downfield signal of CDCl3 (δ 
7.26) for 1H and to the centre peak of the downfield signal of CDCl3 (δ 77.0) for 13C. 
The 13C-NMR data showed the presence of 34 different carbon atoms, DEPT 
experiment (Figure 4.22) revealed the presence of seven quaternary carbons, six 



























































Figure 4.20. Expanded 1H-NMR spectrum of aconitine 1. 
 
 
Figure 4.21. 13C-NMR spectrum of aconitine 1. 
 














































































































































Figure 4.28. Key HMBC (C→H), 1H-1H COSY and NOESY relations in aconitine 1. 
1H-NMR spectra (Figure 4.19) showed the presence of four methoxyl groups 
δ 3.16, 3.26, 3.29 and 3.75 ppm and peaks at δ 1.09, 2.37 and 2.70 for N-ethyl terminal. 
In 13C-NMR spectra (Figure 4.21) the most downfield signals at 172.6 and 
166.2 are assigned to be carbonyl groups, in addition, there are four signals in the 
aromatic region, C-4' at 133.4, C-1' at 129.9, C-2' and 6' at 129.7 and C-3' and 5' at 
128.8 . These data are in good agreement with the reported data of aconitine (Pelletier 
and Djarmati, 1976; Joshi et al., 1987). However, there are some inconsistencies in the 
1H-NMR assignments reported in literature (Batbayar et al., 1993), so in order to be 
confident, more detailed examination of the NMR data were carried out and 
summarised in Table 4.4. 
The 1H-NMR spectrum (Figure 4.20) showed characteristic signals pattern; 
δH 7.45 (2H, t, J = 8 Hz), δH 7.56 (1H, tt, J = 8, 1 Hz) and δH 8.03 (2H, dd, J = 8, 1 
Hz) indicated the presence of a mono-substituted benzene ring which is long range 
coupled to the carbonyl group at δC 166.2. The methyl protons of the acetate group 
at δH 1.38 (3H, s) attached to C-8 is affected by the aromatic ring at C-14, causing it 
to be shifted upfield. 
Our spectral data for C-1 and C-6 are in agreement with the data given in the 
literature by (Joshi et al., 1987). Cross-peaks between C-6 and H-7, H-17 and protons 
of 6-OMe are observed in the HMBC spectrum (Figure 4.27), in addition to the 1H-
1H COSY interaction (Figure 4.24) of H-6 (δ 4.04) with H-5 (δ 2.10) and H-7 (δ 
2.83). 
From 1H-1H COSY and NOESY interactions (Figures 4.24, 4.25 and 4.28) of 
methyl protons (δ 1.09, 3H, t) with the two protons at δ 2.37 and 2.70 (1H, m, each) 
allowed us to confidently deconvolute the methylene of the N-ethyl terminal at δ 49.1 
from C-19 (δ 47.1), this assignment agrees with that of Pelletier (Joshi et al., 1987), 
but not with the more recently published data of (Batbayar et al., 1993). 
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Table 4.4. NMR spectral data of aconitine 1 in CDCl3. 
No. δC δH HMBC (C→H) 
1 82.5 3.12 m 1-OMe 
2 33.7 1.97-2.03 m, 2.35-2.40 m  
3 71.7 3.77 (d, J = 4.5 Hz) 2, 18 ax, 18 eq 
4 43.2 - 1, 9, 18 ax, 18 eq, 19 
5 46.9 2.07-2.18 (m) 9, 19 
6 83.5 4.04 (d, J = 6.5 Hz ) 7, 17, 6-OMe 
7 44.8 2.83 (br s) 5 
8 92.2 - 1, 7, 9, 14, 15  
9 44.3 2.87-2.91 (m) 7 
10 41.0 2.07-2.18 (m) 6 
11 50.1 - 7, 10, 17, 18ax, 18 
eq 
12 35.9 2.07-2.18 (m), 2.68-2.77 (m) 9, 16, 19, 13-OH 
13 74.2 - 14, 16, 13-OH 
14 79.0 4.87 (d, J = 5.4 Hz)  
15 78.9 4.47 (dd, J = 5.4, 2.8 Hz) 16, 15-OH 
16 90.1 3.33 (d, J = 5.4 Hz) 14, 15, 15-OH, 13-
OH, 16-OMe 
17 61.1 3.10 (br s) 5, 7, 9, 16, 13-OH 
18 77.0 3.50 (d, J = 8.8), 3.63 (d, J = 8.8) 18-OMe 
19 47.1 2.32 (m), 2.87-2.91 (m)  
1-OMe 56.1 3.26 (s) 1 
6-OMe 58.1 3.16 (s) 6 
16-OMe 61.3 3.75 (s)  
18-OMe 59.3 3.29 (s) 18 ax, 18 eq 
NCH2CH3 49.1 2.37 (m), 2.68-2.77 (m) NCH2CH3 
NCH2CH3 13.5 1.09 (t, J = 7.1 Hz)  
CH3CO 21.6 1.38 (s)  
CH3CO 172.6 -  
PhCO 166.2 - 2' & 6' 
1' 129.9 -  
2' & 6' 129.7 8.03 (dd, J = 8, 1 Hz)  
3' & 5' 128.8 7.45 (t, J = 8 Hz)  














     198 
HRMS MH+ found at m/z 464.3026 with a molecular formula of  
C26H42NO6, 14-O-acetyltalatisamine 198 requires 464.3012 (∆ -4.2 ppm). TLC 
(dichloromethane: methanol: conc. ammonia 9:1:0.1, detection by Dragendorff’s 
spray reagent) showed Rf value 0.35. 
A comprehensive set of NMR spectroscopic data was obtained for the non-
crystallisable foam. The 1H-NMR (500 MHz) and 13C-NMR (125 MHz) spectral data 
are listed in Table 4.5. The 13C-NMR results agree with the data published for 14-O-
acetyl-talatisamine 198 (Boido et al., 1984). The data revealed the presence of an N-
ethyl fragment, acetyl group (δH 2.05, 3H, s) absence of benzoyl moiety and 
presence of three methoxy groups. 1H-1H COSY connectivity of the methyl at δH 
1.05 with two protons at δH 2.38 and δH 2.50 confirms the presence of an N-ethyl 
terminal. 
 
Table 4.5. NMR spectral data of 14-O-acetyltalatisamine 198 in CDCl3. 
No. δC δH No. δC δH 
1 85.9 
3.10 (d J = 9 
Hz) 
14 77.2 4.81 (t J = 5 Hz) 
2 26.4 2.03 m 15 40.9 1.72-1.85, 1.38-2.44 
3 32.8 1.77 m 16 81.7 3.20 (dd J = 5, 12.6 Hz) 
4 38.8 - 17 62.3 3.00 (d J = 9.4 Hz) 
5 45.0 1.80 m 18 79.9 3.00 d, 3.12 (d J = 9 Hz) 
6 24.9 1.52 m, 1.90 m 19 53.0 1.96-1.99, 2.50-2.55 
7 46.3 2.08 m NCH2CH3 49.4 2.35-2.40 m, 2.50 m 
8 73.7 - NCH2CH3 14.1 1.05 m 
9 45.5 2.32 (t J = 5 Hz) 1' OMe 56.3 3.25 s 
10 45.9 1.62 m 16' OMe 56.2 3.23 s 




CH3CO 21.4 2.05 s 
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Figure 4.32. Key 1H-1H COSY and NOESY relations in 14-O-acetyltalatisamine. 
 
From the 1H-NMR spectrum (Figure 4.29), H-14 β was observed as a triplet 
at δH 4.81 (J = 5 Hz), while the 1H-1H COSY and NOESY correlations (Figures 4.31 
and 4.32) further confirmed the key positions of H-9 triplet at δ2.32 and H-13 at 
δ2.60 by showing coupling with H-14 at δH 4.81. The HSQC experiment correlate 
H-14 to a carbon at δ77.2. The HMBC spectrum is very informative in confirming 
the assignment of C-8, C-12 and C-13 based on the presence of cross peaks between 
them and H-9. This supports the presence of the acetyl group at C-14 as the range of 
substituted C-14 when C-9, C-10 and C-13 are un-substituted is δ 74.5-77.0 while it 
appears at δ 83.5-85.0 when substituted by a methoxy group (Pelletier et al., 1984). 
The DEPT spectra (Figure 4.30) revealed the presence of eight methylenes at 
δC 26.4, 32.2, 24.9, 28.5, 40.9, 79.9, 53.5, and 49.4 assigned to C-2, C-3, C-6, C-12, 
C-15, C-18, C-19, and the methylene of the N-ethyl terminal respectively. 
Five oxygenated carbons were observed at δC 73.7, 77.2, 79.9, 81.7 and 85.9, 
indicating the presence of three methoxy groups, one hydroxyl group on the 
quaternary carbon C-8 at δC 73.7, which agrees with the range of C-8-hydroxy 
substituted when C-7, C-9 and C-15 are un-substituted δ72.5-74.5 (Pelletier et al., 
1984). 
The three methoxy groups were located at C-1, C-16, and C-18, respectively, 
on the basis of the HMBC correlations between these carbons and the protons of the 
methoxy groups, C-1 (δC 85.9) with 1-OCH3 (δH 3.25, 3H, s), C-16 (δC 81.7) with 
16-OCH3 (δH 3.23, 3H, s) and 18-OCH3 (δH 3.29, 3H, s) with C-18 (δC 79.9). 
14-O-acetyltalatisamine 198 has been previously isolated from A. 
columbianum aerial parts (Boido et al., 1984) (Pelletier et al., 1985), A. transsectum 
roots (Zheng et al., 1997), and D. kohatense Munz aerial parts (Shaheen et al., 2015). 
 
NOESY ( ) 
COSY ( ) 
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HRMS MH+ found at 438.2836 with molecular formula C24H40NO6 requires 
MH+ 438.2850 (∆ 3.2 ppm). 
NMR data (Figures 4.33→4.42) were recorded and the detailed assignment is 
listed in Table 4.6. The results are in good agreement with the published data 
(Pelletier and Djarmati, 1976; Hikino et al., 1983; Hanuman and Katz, 1994; Shim et 
al., 2003). 
It has been reported that C-2, C-3 and C-12 cannot be assigned using 100 and 
75 MHz 13C-NMR by (Pelletier and Djarmati, 1976; Shim et al., 2003) respectively, 
while Hanuman and Katz (1994) using 200 MHz NMR assigned C-2 at δ 29.2, C-3 at 
δ 30.0, and C-12 at δ 29.4. In our experiment the COSY and HMBC correlations 
(Figures 4.35 and 4.43) support the assignments to be δ 30.0 for C-2, δ 29.5 for C-3 
and δ 29.3 for C-12 (Figure 4.40). 
C-10 and C-13 were assigned as δ 40.7 and δ 44.3 respectively by Pelletier 
and Djarmati (1976), while they were assigned to be δ 44.2 and δ 40.3 respectively 
by Hanuman and Katz (1994). Our results are in agreement with the latter where H-
10 has an 1H-1H COSY correlation with H-9, and H-13 is correlated to H-14 and this 
result was supported by the HMBC correlations (Figure 4.36). 
It was reported that the two protons at C-20 appeared as a triplet at δ 2.52 
(Hanuman and Katz, 1994), while in our experiment each proton appears as a quartet 
(Figure 4.33) in the same chemical shift, this may be attributed to the different power 
of the NMR machines. 
Neoline 27 was previously isolated from Aconitum carmichaelii roots (Hikino 













































































































Figure 4.40. Expanded HSQC spectrum of neoline 27. 










Figure 4.41. Expanded HSQC spectrum of neoline 27 
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Figure 4.43. Selected HMBC correlations HMBC (C→H) of neoline 27. 
 
Table 4.6. NMR spectral data of neoline 27 in CDCl3. 
No. δC δH HMBC (C-H) 
1 72.3 3.63 d J = 6 Hz 3 ax (very weak) 
2 30.0 1.47-1.56 m 3 ax 
3 29.5 1.64 dd J = 15, 5 Hz, 1.82-1.90 m 
18 ax, 18 eq, 19 ax, 19 
eq 
4 38.2 - 
6, 9, 18 ax, 18 eq, 19 
ax, 19 eq 
5 45.0 2.15 m 18 ax, 19 ax, 19 eq 
6 83.2 4.16 d J = 7.6 Hz 7, 17 
7 52.2 1.99 br s 9, 15 eq 
8 74.2 - 7, 9, 12, 14, 15 ax 
9 48.4 2.17 m 13, 15 eq 
10 44.2 1.82-1.90 m 5, 9 
11 49.6 - 12 ax 
12 29.3 1.71 dd J = 15, 5 Hz, 2.00-2.04 m 9, 16 
13 40.3 2.25-2.32 m 9, 12 ax, 15 eq 
14 76.2 4.21 t J = 6.8 Hz 12ax, 16 
15 43.0 
2.04-2.09 m, 2.38 dd, J = 15, 6.8 
Hz  
7 (very weak) 
16 81.8 3.38 d J = 6.8 Hz 14 
17 63.9 2.66 d J = 7.6 Hz 7, 9 
18 80.4 3.25 d J = 8 Hz, 3.61 s 18'-OMe 
19 57.1 2.68 s, 2.30 m 5, 17, 18 ax, 18 eq 
6' 58.0 3.33 s 6 
16' 56.4 3.33 s - 
18' 59.3 3.32 s 18 ax, 18 eq 
NCH2CH3 48.3 2.48 q, 2.55 q, J = 12, 7.2 Hz 19 





4.4.4. 14-O-Benzoylaconine 95 
 
HRMS m/z MH+ found at 604.3113, MH+ of benzoylaconine 95 or hokbusine 








  95       201 
Hokbusine A 201 molecule has N-methyl terminal and five methoxy groups 
instead of N-ethyl terminal and four methoxy groups in the 14-O-benzoylaconine 95 
molecule. From the published NMR data of hokbusine A 201, the N-methyl terminal 
appears at δC 42.4 ppm (Desai et al., 1989; Shim et al., 2003) and δH at 2.36 (3H, s), 
while the five methoxy groups appear at δH (3H, s, 3.13, 3.28, 3.28, 3.31 and 3.72) 
(Hikino et al., 1983). 
 
Table 4.7. NMR spectral data of 14-O-benzoylaconine 95 in CDCl3. 
No. δC δH No. δC δH 
1 80.4 3.41 m 16 90.2 3.15 d J = 5 Hz 
2 29.7 1.25 m, 1.58 m 17 64.1 3.31-3.45 m 
3 70.1 4.19 br s 18 77.6 3.42 d, 3.65 d J=8.5 
4 43.3 - 19 50.2 3.23 m, 3.42 m 
5 48.0 2.82-2.85 m NCH2CH3 50.0 2.92 m, 3.33 m 
6 81.3 4.21 d J = 6.5 NCH2CH3 11.3 1.38 t, J = 7.5 Hz 
7 44.0 2.22 m 1-OMe 55.2 3.32 s 
8 78.2 - 6-OMe 58.3 3.38 s 
9 43.9 2.55 t J = 6.5 Hz 16-OMe 60.8 3.74 s 
10 40.7 2.25 m 18-OMe 59.2 3.28 s 





8.05 dd, J=7.3, 1.5 
Hz 
13 74.3 - 3'&5' 128.5 7.45 t, J=7.3 Hz 
14 78.8 4.97 d J=5 Hz 4' 133.0 7.54 tt, J=7.3 Hz 
15 81.2 4.77 d J=5 Hz Ph-CO 166.4 - 
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The NMR spectral data are listed in Table 4.7. Analysis of 1H and 13C-NMR 
data revealed the presence of 4 methoxy groups (Figure 4.44) δH 3.28, 3.32, 3.38, 
and 3.74 (each 3H, s), δC 59.2, 55.2, 58.3, and 60.8 respectively. N-ethyl terminal 
presence was confirmed by 1H-1H COSY connectivity of the methyl protons at δ 1.38 
(3H, t) with the methylene protons at δH 2.92, and δH 3.33 (Figure 4.45). 
A carbonyl group at δC 166.4 which has a long-range coupling with δH 8.05 
(2H, dd) is assigned to H-2', 6' and δH 4.97 (1H, d, J = 5.5 Hz) H-14, indicating the 
presence of a benzoyl moiety. The aromatic protons splitting pattern confirms the 
presence of a mono-substituted benzene ring. The DEPT spectra revealed the 
presence of six quaternary carbons at δC 43.5, 49.9, 74.3, 78.2, 129.8 and 166.4 
assigned to be C-4, 11, 13, 8, 1' and the carbonyl group respectively.  
From the above assignments, it was confirmed that the data are for 14-O-
benzoylaconine 95 and not for hokbusine A 201. The 1H- and 13C-assignments are in 
agreement with the published data of 14-O-benzoylaconine 95 (Usmanova et al., 
2009). 
14-O-Benzoylaconine 95 can be an artefact of aconitine 1 formed by the 
previously mentioned Grob-type fragmentation, but in this case the nucleophile will 
be water instead of alcohol which can be present in the solvents used in extraction 
procedures or indeed from the plant itself. 
14-O-Benzoylaconine 95 has been previously isolated from the roots of 
Aconitum karakolicum Rapaics and Aconitum kusnezoffii Reichb (Usmanova and 




















Figure 4.44. 1H-NMR (500 MHz) spectrum of 14-O-benzoylaconine. 
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HRMS found at MH+ 496.2906, MH+ of taurenine 29 requires 496.2905 (∆ -
0.2 ppm), with a molecular formula of C26H42NO8. TLC (dichloromethane: 
methanol: conc. ammonia 9:1:0.1, detection by Dragendorff’s spray reagent) showed 
Rf 0.14. 
1H-NMR spectrum (400 MHz) of taurenine 29 (Figure 4.46) (Table 4.8) 
revealed signals of the following protons:  N-ethyl terminal δH 1.12 with 1H-1H 
COSY (Figure 4.47) connectivity to the methylene protons at δH 2.41 and δ 2.78. 
Methyl group at δH 2.08 (3H, s) showing a long range coupling with the 
carbonyl carbon at δ 172.3, confirming the presence of an acetyl group. Three 
methoxyl groups at δ 3.26, 3.32, and 3.45 (3H, s, each), using the HSQC spectrum 
they were correlated to carbons at δC 58.0, 58.9, and 57.6 respectively (Figure 4.48). 
The assignment of the methoxyls was confirmed by the long range HMBC coupling 
(Figure 4.49) of these methyl protons to carbons at C-6, C-18, and C-16 respectively. 
The 13C-NMR and DEPT spectra showed the presence of four quaternary 
carbons at δC 37.7, 49.0, 91.7 and 172.3 assigned to be C-4, C-11, C-8 and a 
carbonyl group. C-8 is shifted downfield because of the acetoxy group substitution 
(Table 4.8), which is reported to resonate at the range of δ 91.5-92.5 when C-15 is 
substituted by α-OH (Pelletier et al., 1984). 
Five oxygenated methines at δC 71.8, 74.7, 75.7, 84.2 and 88.5 were assigned 
to be C-1, C-14, C-15, C-6 and C-16 respectively using the 2D-NMR data, indicating 
the presence of two methoxy groups and three hydroxyl groups 
Six methylenes at δC (29.4 x 2), 29.6, 48.2, 56.1 and 79.6 assigned to be (C-2 
and C-3 exchangeable), C-12, methylene of the N-ethyl terminal, C-19, and C-18 
which is shifted downfield because of the methoxy group substitution. 
Using HSQC spectra, H-at δ 2.25 was correlated to carbon δ 43.0, which was 




































16-OMe 18-OMe 6-OMe 
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Table 4.8. NMR spectral data of taurenine 29 in CDCl3. 
No. δC δH HMBC (C-H) 
1 71.8 3.60-3.63 m  
2 29.4* 1.22 m, 1.90 m  
3 29.4* 1.22 m, 1.90 m  
4 37.7 - H-5, H-18, H-19 
5 43.0 2.25 d J = 6.2 Hz H-17, H-18, H-19 
6 84.2 4.08 dd, J = 8, 2.2 Hz H-17, 6-OMe 
7 46.6 2.35-2.37 m H-9 
8 91.7 - H-6, H-7, H-9, H-14, H-15 
9 43.3 2.90 br s  
10 40.9 2.28-2.30 m  
11 49.0 - H-9 
12 29.6 1.50-1.60 m H-16 
13 43.4 1.93 d J = 5.6 Hz  
14 74.7 4.10 t, J = 5.6 Hz  
15 75.7 4.40 dd J = 5.6, 2.2 Hz H-16 
16 88.5 3.21 d H-14, H-15, 16-OMe 
17 62.1 2.65-2.78 m H-5, H-9 
18 79.6 3.05 d J = 8.1 Hz, 3.62 m 18-OMe 
19 56.1 2.30, 2.60 d J = 10.8 Hz H-5, NCH2CH3 
NCH2CH3 48.2  2.30-2.41 m, 2.65-2.78 m H-17 
NCH2CH3 12.8 1.12 m  
6-OMe 58.0 3.26 s  
16-OMe 57.6 3.45 s H-16 
18-OMe 58.9 3.32 s H-18 
CH3CO 22.1 2.08 s  
CH3CO 172.3 - CH3CO 
 
Taurenine 29 has been previously isolated from A. tauricum (Tel’nov et al., 






4.5. Diterpenoid alkaloids extracted from Aconitum carmichaelii seeds 
 
Defatted A. carmichaelii seeds were extracted using different solvents i.e. 
acetone, methanol, 1M HCl, aqueous ammonia solution. The alkaloids yield was the 
highest from methanol> 1M HCl> acetone> aqueous ammonia solution. The HRMS 
data of the different alkaloidal extracts showed the presence of molecular ion peaks 
corresponding to mesaconitine, neoline, hypaconitine, and 14-acetyl neoline as the 
major peaks in these extracts. 
 
4.6. Diterpenoid alkaloids extracted from Aconitum lycoctonum seeds 
 
In the 1H NMR spectrum, the aromatic region shows the presence of two 
doublet of doublets (dd) at δH 7.38, δH 8.11 and two triplets at δH 7.65 and δH 7.77. 
The dd at δH 8.11 has an HMBC correlation with the carbon of the carbonyl group at 
δC 166, this pattern might indicate the presence of anthranilate residue. In the same 
region there is another set of signals, but they are much lower in intensity, a triplet at 
δH 7.23, two doublets at δH 7.61, 8.55 and a doublet of doublet at δH 8.10. 13C-NMR 
revealed the presence of six carbonyl groups at δC 165.8, 169.0, 172.3, 174.5, and 
178.8 the latter is for two carbonyl groups. In the aromatic region there are 12 signals, 
so from these data the major two alkaloids in this sample might possess the succinyl 
anthranoyl moiety. 
When the NMR solvent was changed to CDCl3, the 
1H NMR spectrum showed 
a distinct signal at δH 11.05 (1H, s) which has HMBC correlation with carbons at:  δC 
114.6 (C-1'), 120.6 (C-3') and 170.2 (ArCO2), so this proton is assigned to (ArNH). 
δH 3.69 (3H, s, CH3OCO) is correlated to carbon at δC 51.8 from the HSQC and with 











HRMS m/z of MH+ found 468.2939, MH+ of lycoctonine 5 requires 468.2956 
(Δ 3 ppm), m/z of MH+ found 669.3401, MH+ of lycaconitine 205 requires 669.3382 
(Δ 3 ppm), m/z of MH+ found 687.3540, MH+ of succinyl anthranoyl lycoctonine 206 
requires 687.3487 (Δ 8 ppm), and m/z of MH+ found 701.3618, MH+ of succinyl 
anthranoyl lycoctonine methyl ester 207 requires 701.3644 (Δ 3 ppm) which might be 
an artefact (rather than an actual natural product found in these seeds) due to using 
methanol in the extraction process. Also, m/z of MH+ found 704.3798, MH+ of tri-
deuterated succinyl anthranoyl lycoctonine methyl ester 208 requires 704.3832 (Δ 5 
ppm). This compound is an artefact arising from using d4-deuterated methanol as the 
NMR solvent. The mass spectrum gives detailed information about the alkaloids 
present in the sample while the NMR spectra act as a fingerprint resulting from the 
extraction and separation steps. Full deconvolution of these norditerpenoid alkaloids 
was not possible because of the close similarity in their hexacyclic structures. It is 
possible to correlate the signals along the side-chains, but it is difficult to correlate to 
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4.7. Extraction and isolation of some C19-diterpenoid alkaloids from Delphinium 
elatum seeds 
 
 Defatted D. elatum seeds were extracted using different solvents i.e. acetone, 
methanol, 1M HCl solution, and concentrated ammonia solution. The alkaloid yield 
was the highest from 1M HCl > methanol > acetone > ammonia solution. The HRMS 
data showed the same alkaloidal profile in 1M HCl, methanol and acetone extracts 
with delpheline and MLA are the two main constituents whereas the ammonia 
extract showed completely different profile. This is possibly because of the high 
content of the N-(methylsuccinyl)anthranoyllycoctonine-type (MSAL-type) C19-
diterpenoid alkaloids which undergo extensive degradation in presence of ammonia. 
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HRMS:  m/z of MH+ C25H40NO6 requires 450.2856, found at 450.2878. The 
delpheline 120 structure was confirmed by single crystal X-ray crystallography 
which showed that the orthorhombic crystal belongs to the space group P212121 (see 
Appendix 1) (Figure 4.50). 
NMR data were recorded in CDCl3 on the 500 MHz NMR spectrometer and 
are listed in Table 4.9. The 1H-NMR spectrum (Figure 4.51) revealed the presence of 
an N-ethyl unit, three methoxy groups at δH 3.26, 3.35, and 3.42 (each 3H, s) have 
HSQC correlations (Figure 4.54) to carbons at δC 55.7, 58.0 and 56.4 respectively, 
and a methylenedioxy group showing two signals at δH 5.05 and 5.13 (each 1H, s). 
The 13C-NMR spectrum indicated the presence of 25 carbon atoms, four of 
them are quaternary at δC 34.0, 50.5, 84.0, and 92.5 assigned for C-4, C-11, C-8, and 
C-7 respectively. The presence of a methylenedioxy group was confirmed from the 
above data and the presence of a methylene carbon at δC 93.0. (Figure 4.54). 
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The DEPT spectra (Figure 4.53) showed the presence of seven methylene 
carbons at δC 93.0, 57.3, 50.8, 37.0, 33.5, 28.2, and 26.0 assigned to be the 
methylenedioxy carbon, C-19, methylene carbon of the N-ethyl terminal, C-3, C-15, 
C-12, and C-2 respectively. These carbon assignments were confirmed by the COSY 
and HMBC correlations (Figure 4.52) and (Table 4.9). The 13C-NMR spectrum 
revealed the presence of nine methines, four of them are oxygenated appeared at δC 
79.3, 81.9, 82.8, and 83.1 and from the previously mentioned data, it was confirmed 
the presence of three methoxy groups which showed a long range coupling to δC 










































Figure 4.51. 1H-NMR spectrum of delpheline 120. 
 










Figure 4.54. HSQC spectrum of delpheline 120. 
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Table 4.9. NMR spectral data of delpheline 120 in CDCl3 
 
The remaining oxygenated methine at δC 79.3 must be carrying a hydroxyl 
group and was assigned to be C-6. While the non-oxygenated methines appeared at 
δC 37.8, 40.4, 47.8, 56.6, and 63.7 are assigned to be C-13, C-9, C-10, C-5, and C-17 
respectively. C-10 and C-13 assignment is with agreement to lycoctonine-type 
norditerpenoid alkaloids bearing no hydroxyl group at C-9 (Joshi and Pelletier, 
1991). 
Delpheline 120 has been previously isolated from several Delphinium species 
(Joshi et al., 1991), e.g. D. elatum (Pelletier et al., 1989), D. ajacis (Lu et al., 1993), 
D. caeruleum (Wang et al., 1996), D. uralense (Gabbasov et al., 2008), and D. 
chrysotrichum (He et al., 2010). 
No. δC δH HMBC (C-H) 
1 82.8 3.02-3.08 m 1-OMe 
2 26.0 1.96-2.04 m, 2.08-2.19 m  
3 37.0 1.23 t, 1.52 t J = 7.2 Hz H-18 
4 34.0 - H-6, H-18 
5 56.6 1.22-1.24 m H-6 
6 79.3 4.20 s  
7 92.5 - H-6, H-15 
8 84.0 - H-6, 9, 14, 15, α-H O-
CH2-O 
9 40.4 3.64 t J = 5 Hz H-13, H-14, H-15 
10 47.8 2.10-2.19 m H-9, H-13 
11 50.5 - H-6 
12 28.2 1.82, 2.55 H-9, H-16 
13 37.8 2.37 br s H-9, H-15  
14 83.1 3.66-3.68 m  14-OMe 
15 33.5 1.82-1.86 m, 2.49 dd J = 
14.9, 8.8 Hz 
H-9 
16 81.9 3.23-3.25 m 16-OMe 
17 63.7 3.02-3.08 m  
18 25.5 0.93 s  
19 57.3 2.20 d J =5 Hz , 2.66 br s H-18 
NCH2CH3 50.8 2.66 br s, 2.78 br s  
NCH2CH3 14.2 1.05 t J = 6.9 Hz  
1-OMe 55.7 3.26 s  
14-OMe 58.0 3.42 s H-14 
16-OMe 56.4 3.35 s H-16 
O-CH2-O 93.0 5.05 s (β), 5.13 s (α)  
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The HRMS data MH+ found at 683.3525 of methyllycaconitine 4 requires 
MH+ of 683.3544 (∆ 1.9 ppm) with a molecular formula of C37H51N2O10. 
NMR data (500 MHz) were recorded in CDCl3 and assignments are listed in 
Table 4.10. The 1H-NMR and 1H-1H COSY spectra (Figures 4.55 and 4.56) revealed 
the presence of N-ethyl group (3H, t, δH 1.07), four methoxyl groups appeared at δH 
3.25, 3.33, 3.40, and 3.34 have HSQC relations with δC 55.8, 56.3, 57.8, and 58.1 
respectively. They are assigned to be on C-1, C-16, C-14, and C-6 based on their 
HMBC correlations (Figure 4.57). 
A 1,2-disubstituted aromatic moiety is observed, showing a long-range 
coupling to the carbonyl group at δC 164.0 (Figure 4.58) which has HMBC relation 
to δC 69.4 assigned to be C-18. This is indicative of the C-18 acylated C19-
diterpenoid alkaloid-type. 13C-NMR (Figure 4.59) and DEPT spectra showed the 
presence of two extra carbonyl groups at δC 175.9 and 179.8 together with a methyl 
group at δC 16.3 revealed the presence of methylsuccinyl fragment. 
The 1H- and 13C- assignments showed good agreement with the published 
data of methyllycaconitine (Shrestha and Katz, 2004; Meriçli et al., 2006). 
 15N-HMBC experiment (Figure 4.60) showed the presence of two nitrogen 
atoms at δN 150 and 190, the former has a long range coupling with the aromatic 
protons whereas the latter has a long range coupling with the N-ethyl fragment. 
Methyllycaconitine 4 was previously isolated from the aerial parts of D. 
triste, the roots of D. scabriflorum, the aerial parts of A. cochleare, and D. alpinum 

















Figure 4.55. 1H-NMR spectrum of MLA 4. 
 
 



















































Table 4.10. NMR spectral data of methyllycaconitine 4 in CDCl3. 
No. δC δH HMBC (H-C) 
1 83.9 2.95-3.00 m  
2 26.1 1.88-2.10 m, 2.11-2.22 m  
3 32.0 1.50-1.62 m, 1.70-1.78 m  
4 37.5 - - 
5 50.1 1.70 m  
6 90.8 3.87 s C-4, C-11, C-7, C-8 
7 88.4 - - 
8 77.2 - - 
9 43.2 3.01-3.08 m  
10 46.0 1.88-1.98 m C-17, C-8, C-11 
11 49.0 - - 
12 28.7 1.78-1.89 m, 2.35-2.50 m C-16 
13 38.1 2.30-2.35 m C-9, C-10, C-12, C-16 
14 83.7 3.60 t J = 4.6 Hz C-7, 8, 9 
15 33.6 1.62-1.70 dd J = 14.4, 6 Hz, 
2.55-2.62 m  
C-7, C-8, C-13, C-16 
16 82.5 3.20 m  
17 64.5 2.93 br s C-5, C-6, C-11, C-19 
18 69.4 4.02-4.07 m, 4.11 d J = 11.2 
Hz 
C=O, C-3, C-4, C-19 
19 52.3 2.40-2.45, 2.70 d J = 11.5 Hz  
NCH2CH3 50.9 2.78-2.88, 2.90-2.95  
NCH2CH3 14.0 1.07 t J = 7.5 Hz N-CH2-CH3 
1-OMe 55.8 3.25 s  
16-OMe 56.3 3.33 s  
14-OMe 57.8 3.40 s  
6-OMe 58.1 3.34 s  
C-1" 179.8 - - 
C-2" 35.2 3.02-3.08 m  
C-3" 37.0 2.43-2.55 m, 3.02-3.09  
C-4" 175.9 - - 
C-5" 16.3 1.42 m C-1", C-2", C-3" 
C=O 164.0 - - 
C-1' 127.0 - - 
C-2' 132.5 - - 
C-3' 130.0 7.27 d J = 8.5 Hz C-1', C-2', C-5' 
C-4' 133.6 7.67 t J = 8.5 Hz C-2', C-6' 
C-5' 129.4 7.55 t J = 8.5 Hz C-1', C-2', C-3' 
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From the white amorphous solid, the HR-ESI-MS of iminodelsemine 199 
showed a molecular ion [M+Na]+ at m/z 692.3136, corresponding to an elemental 
formula of C35H47N3NaO10 requires 692.3159 (∆ 2.6 ppm). The molecular formula 
showed the presence of 35 carbon atoms whereas the 13C-NMR spectra (Figure 4.63) 
contained 43 carbon atoms, which could be indicative that this compound is a 
mixture. 
The 13C-NMR spectra (Figure 4.63) (Table 4.11) revealed the presence of 
twin peaks at δC 177.7 and 174.6, 170.5 and 173.5, 41.9 and 39.1, 36.5 and 39.3, and 
17.8 and 18.1, together with other twin peaks in the aromatic chemical shift i.e. δC 
114.5 and 114.7, 120.8 and 120.9, 122.7 and 122.8, and 141.4 and 141.6, which 
confirms that this compound is a mixture of two closely related compounds with a 
minor difference in the side chain. The 1H-NMR spectra (Figure 4.62) showed four 
signals (1H, each) resonate in the aromatic region, corresponding to a 1, 2-
disubstituted benzene. 
Using a combination of DEPT-135, COSY, HSQC, H2BC, HMBC, and 
NOESY experiments, showed a set of resonances which are similar to those of the N-
(2-methylsuccinyl) anthranoyl fragment, ring C and ring D reported in the 
lycoctonine-type C19-diterpenoid alkaloid delsemine A/B 199, previously isolated 













































Table 4.11. NMR spectral data of iminodelsemine A/B 199 in CDCl3. 
No. δC δH HMBC (C-H) 
1 81.1 3.30 m 1-OMe 
2 20.5 1.45 m,1.81 m 3 
3 25.0 1.78 m 1, 18ax, 18eq 
4 46.6 - 3, 5, 19 
5 45.6 1.91 s 10, 18 
6 91.2 3.91 s 3.4, 5, 6-OMe, 17 
7 86.6 - 3.88 CH, 9, 14, 15 ax , 15eq 
8 77.5 - 8-OH, 1, 6, 9,12, 14, 15 
9 43.1 2.86 m 12, 14, 15 
10 43.3 2.05 m 1, 5 
11 50.5 - 3.88 CH, 1, 2, 5, 10, 12 
12 30.4 1.48, 2.06 10, 13, 15, 16 
13 38.2 2.40 t J = 4.5 Hz 9, 12, 14, 15 
14 84.1 3.67 t J = 4.5 Hz 9, 12, 13, 14-OMe, 16 
15 33.2 1.75 m, 2.82 8-OH, 9, 13 
16 82.1 3.27 8-OH , 9, 12, 13, 14, 15 
17 64.5 3.84 s 5, 10, 19 
18 66.9 4.44 dd J = 11.5, 3.2 
Hz, 4.61 t J = 11.5 Hz 
2 
19 165.3 7.73 s 5, 17, 18 
1-OMe 56.4 3.18 s 1 
6–OMe  58.7* 3.36 s 6 
14-OMe 57.8 3.42 s 14 
16-OMe  56.3* 3.37 s 16 
Ph-CO 167.6 - 18, 3', 6' 
1' 114.7 - 3', 5' 
2' 141.6 - 4', 6' 
3' 121.0 8.64 dd J = 7.3, 1.8 Hz 5' 
4' 135.1 7.55 t J = 7.3 Hz 6' 
5' 123.0 7.10 t J = 7.3 Hz 3' 
6' 130.2 7.94 dt J = 7.3, 1.8 Hz 4' 
Side-chain A  
1" 177.7 - 2", 3", 5" 
2" 36.5 2.96 3", 5" 
3" 41.9 2.51 dd J = 15, 6.9 Hz, 
2.86 m 
5" 
4" 170.5 - 2", 3", δH 10.9 
5" 17.8 1.27 d J = 6.9 Hz 3", 2" 
Side-chain B  
1" 174.6 - 3", 5", δH 11.0 
2" 39.1 2.36 dd, 2.73 dd J = 15, 
7.1 Hz 
5" 
3" 39.3 3.05  2" 
4" 173.5 - 2" 




The most downfield signals at δH 10.9 and δH 11.0 are for exchangeable 
protons (D2O shake), assigned to be the N-amido protons in the side chains A and B, 
as they show a long range coupling to the N-methylsuccinyl fragment and to some of 
the aromatic carbons i.e. C-1 and C-3, which confirms that the N-methyl succinyl 
group is an open chain not a ring structure (Figure 4.70). The two methyl groups of 
these fragments appear as doublets at δH 1.27 and 1.32 (Figure 4.61) and their 
integration is 1:1, consequently the ratio of the components of this mixture is 1:1. 
It was observed from the 1D and 2D-NMR experiments (Figures 4.61, 4.62, 
4.63, and 4.64) that there are no signals corresponding to an N-ethyl group, N-methyl 
group, nor a methylenedioxy group. Singlet signals at δH 3.18, 3.36, 3.37, and 3.42 
(each 3H, s) correlated to carbon signals at δC 56.4, 58.7, 56.3, and 57.8 
corresponding to four methoxy groups. The four methoxyls were located at C-1, C-6, 
C-16, and C-14, respectively, on the basis of the long-range coupling between 1-
OMe (δH 3.18, s) and C-1 (δC 81.1), 6-OMe (δH 3.36, s) and C-6 (δC 91.2), 16-
OMe (δH 3.37, s) and C-16 (δC 82.1), and 14-OMe (δH 3.42, s) and C-14 (δC 84.1) 
in the HMBC spectra (Figures 4.65 and 4.70). 
The 13C-NMR spectra showed the presence of five oxygenated methines at 
(δC 81.1, 82.1, 84.1, 86.6, and. 91.2) corresponding to the four methines holding the 
methoxy groups and an extra one at (δC 86.6) holding a hydroxyl group which was 
assigned to be C-7 from the HMBC correlations (Figure 4.66), this implies that it is a 
lycoctonine-type C19-diterpenoid alkaloids. Generally in lycoctonine-type C19-
diterpenoid alkaloids where C-19 is a methylene, the attached protons are non-
equivalent and normally appear as a well resolved pair of doublets. The absence of 
this pattern and the presence of a methine signal at δC 165.3 correlated to a proton at 
δH 7.73 (Figure 4.67), supported the presence of an azomethine group as found in 
iminodelpheline 127 (δC 170.7 and δH 7.42), iminoisodelpheline 128 (δC 171.0 and 
δH 7.46), iminopaciline 130 (δC 170.0 and δH 7.43), previously isolated from D. 
elatum seeds (Wada et al., 2015), anhweidelphinine 209 (δC 162.9), isolated from 
both D. elatum and D. zalil (Joshi and Pelletier 1990; Sun and Benn, 1992), and 
tianshanidine 137 (δC 167.3 and δH 7.53) from D. tianshanicum (Zhao et al., 2014). 
In addition to, the rare quaternary C19-diterpenoid alkaloid, sharwuphinine B 210 
together with delavaine A/B 211 from D. shawurense (Zhao et al., 2015), 
ouvrardianine A 212 from A. ouvrardianum (Jing et al., 2009) and vilmorrianine (E-
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Figure 4.70. Key HMBC correlations (C→H) of iminodelsemine 199. 
 
The 2D HSQC-TOCSY spectrum (Figures 4.68 and 4.69) defined these 
structural fragments (spin systems) with correlated protons:  –CH2–CHR–CHR–
CHR– (unit A, C-12–C-13–C-14–C-9–C-10) (δH 1.48 m, 2.40 t, 3.67 t, 2.86, and 
2.05m), –CHR–CH2–CH2– (unit B, C-1–C-2–C-3) (δH 3.30, 1.45, 1.81 and 1.78),–
CH2––CHR– (unit C, C-15–C-16) (δH 1.75 d, 2.82 and 3.27), –CHR–CHR– (unit D, 
C-5–C-6) (δH 1.91 s and 3.91 s), and –CHR–CHR–CHR–CHR– (unit E, C-3'–C-4'– 
C-5'–C-6'). 
Using the 15N-NMR analysis was a powerful tool in structural elucidation of 
the different nitrogen atoms nature in iminodelsemine A/B 199. The 15N-HSQC 
experiment (Figure 4.71) revealed the presence of two sets of a primary amine 
nitrogens at δ 73.0 and 74.9 and secondary amine nitrogens at δ 97.0 and 99.0 
corresponding to the terminal amino group and the amido group in the N-
(methylsuccinyl) anthranoyl fragment, whereas the 15N-HMBC experiment (Figure 
4.72) showed the presence of an extra peak shifted downfield at (δ 300.0) assigned to 
be the imine nitrogen atom. 
This imino-alkaloid was named as iminodelsemine A/B 199 following the 
same style of nomenclature in delpheline 120 and iminodelpheline 127 reported by 











































This is apparently an inseparable mixture of artefacts resulting from the use 
of ammonia in presence of anhweidelphinine 209 alkaloid, previously isolated from 
D. zalil (Sun and Benn, 1992), which will certainly attack the N-(2-methylsuccinyl) 
ring on both carbonyl centres, producing a mixture of closely related compounds. 
This is quite similar to the formation of delsemine A and B (the tertiary amine 
analogue of iminodelsemine A/B 199) from MLA 4 on treatment with ammonia 
(Pelletier and Bhattacharyya, 1977). Also, delavaine A/B 211 mixture was isolated 
from D. shawurense (Zhao et al., 2015), possibly can be an artefact of MLA 4 
although no methanol was used in the extraction procedures, but methanol was 
introduced in the mobile phase of the column chromatography. 
On a small scale extraction, when D. elatum seeds were defatted then 
extracted with acetone followed by alkaloids extraction (acid/base cycle) using two 
different bases separately i.e. dilute ammonia solution and saturated sodium 
carbonate solution, the HRMS data of both alkaloid extracts did not show the 
molecular ion peak of iminodelsemine A/B 199, hence this compound could have 
been formed during the chromatographic isolation procedures, as methanol and 
ammonia solution were used during the column chromatography purification of this 




Chapter 5. Analysis of aged aconitine using different HPLC methods 
 
5.1. Method development 
 
 In HPLC, resolving peaks of interest is the main aim of any successful 
chromatographic analysis and in order to obtain the most useful chemical 
information and better separation in the chromatograms, the column, mobile phase, 
and the detection wavelength must be investigated. The time between sample 
injection and an analyte peak reaching a detector is termed the retention time (tR), 
while the time taken for the mobile phase to pass through the column is called (to) 
and is determined experimentally from the elution time of unretained solute. 
Retention factor, k', is often used to describe the migration rate of an analyte on a 
column. It is also called the capacity factor. The retention factor for analyte A is 
defined as:  
  𝑘′ 𝐴 =   (𝑡R  −  𝑡o)/𝑡o 
The tR and to values are easily obtained from a chromatogram. When an 
analyte’s retention factor is less than one, the elution is so fast that the analyte did not 
spend enough time in the stationary phase i.e. analyte is not partitioned between the 
stationary phase and the mobile phase. High retention factors (greater than 20) mean 
that elution takes a very long time or highly retained by the stationary phase. Ideally, 
the retention factor for an analyte is between one and five. 
Selectivity factor (α) is used to describe the separation of two species (A and 
B) on the column. When calculating the selectivity factor, species A elutes faster 
than species B and thus the selectivity factor is always greater than one.  
α = k'B / k'A 
 
Selectivity in isocratic separation depends on column stationary phase, 
organic modifier e.g. acetonitrile or methanol, pH, % organic modifier, buffer 
selection, buffer concentration and column temperature. In method development, it is 
usual to attempt to optimise the mobile phase variable for the chosen stationary 




HPLC is widely used in analytical and separation techniques which require a 
high efficiency, achieved by optimization of the separation process. Analysis of basic 
compounds is of great interest as 70% of pharmaceuticals and many compounds of 
biological significance are basic. Most HPLC separations are performed on porous, 
silica-based stationary phases, which has high mechanical stability, chromatographic 
efficiency and high batch-to-batch reproducibility. 
 
5.2. Reversed-phase chromatography 
 
HPLC reversed (stationary) phase (Figure 5.1) is manufactured by reacting 
silanes with silanol groups on silica surfaces. Silanes are XSi(R1)2R2, where X is 
chloro or alkoxy, R1 a small alkyl group and R2 is a long alkyl chain commonly an 
octyl (C8) or octadecyl (C18) (Borges and Euerby, 2013). After the silica has been 
reacted with the long alkyl chain, a process called end capping is subsequently 
carried out by reacting the silica surface with short alkyl chain silanes e.g. 
chlorotrimethylsilane in order to reduce the amount of residual silanol groups. 
However, even after several end-capping procedures, more than 50% of silanol 
groups are unreacted because of the steric hindrance created by the long alkyl chains 
attached to the silica surface (McCalley, 2010). It was reported that the silanol 
concentration on bare silica is 8 μmol m-2 and after end capping the bulky C18 phase 
the maximum coverage is 4.0-4.5 μmol m-2 and the average pKa of these silanols is 






































pKa of basic analyte
Silanol moieties may interact with the analyte (especially if basic) causing 
peak tailing. Recently, new engineered stationary phases with aromatic functionality 
such as phenyl, phenylalkyl and pentafluorophenyl (PFP) (Figure 5.2), have been 
developed offering unique interactions with analytes (c.f. C18) because of the 
different electron density of the aromatic functionality, giving them alternative 
selectivity, where the aromatic ring can be substituted with either electron donating 
groups such as alkyl, methoxyls and NH2 or with electron withdrawing groups such 
as NO2, halides, CO2H, and CN. In addition, the encapsulated bonding technology 
(EBT) (end-capping) have become available which protect the silica surface and are 





Figure 5.2. Phases with aromatic functionality, where phenyl (left) is electron rich 
ring with π-donor activity and pentafluorophenyl (right) is electron deficient ring 
with π-acceptor activity. 
 
Selecting an eluent pH which is ± 2 pH units away from the pKa of the 
analyte will lead to a 99% ionization or non-ionization of the analyte, and this 
improves the reproducibility of the retention time (Figure 5.3). Generally, using a pH 
range at which the analyte is un-ionised improves the peak shape and prolongs the 





















Certain factors have a significant influence on silica dissolution rate i.e. 
mobile phase pH, temperature, buffer type, and buffer concentration. Bonded phase 
to the silica support tends to hydrolyse in extreme acidic mobile phase (pH < 2) and 
silica particle erosion can occur at pH > 8 (Wyndham et al., 2003). A conventional 
5µ C18 ODS (2) stationary phase has shown to degrade after 4700 column volumes 
of the alkaline mobile phase, acetonitrile: phosphate buffer (pH 10; 20 mM) (45:55, 
v/v) at 30oC. In contrast, acidic mobile phase minimizes silica dissolution, but 
catalyses silicon-oxygen bond (Si-O) cleavage, which is dramatically minimized 
when the stationary phase used is sterically protected (Borges and Euerby, 2013). 
Solubility of silica increases as the buffer concentration increases, 250 mM 
buffer solution shows one third more silica dissolution than 50 mM at 60 oC and pH 
7, so the buffer concentration should be the least amount required to attain a good 
peak shape. Buffers containing phosphate or carbonate groups are more aggressive 
than that containing amino buffers, even if both have the same pH value (Claessens 
et al., 1996). 
 
5.3. Development of silica RP materials 
 
5.3.1. Hybrid silica 
 
In developing this phase, silanol groups are substituted by organic groups in 
order to reduce their number by nearly one third. The most common ranges of the 
hybrid organic-inorganic stationary phases are:  XTerra range which contains (Si-
CH3), XBridge/Aquity range contains (Si-CH2-CH2-Si), Gemini, Gemini-NX, 
Eternity and YMC-Triart ranges all based on hybrid technology which provides the 
stationary phase with higher chemical and mechanical stability (Borges and Euerby, 
2013). 
 
5.3.2. Type B silica 
 
Prepared from highly pure silica with low metal content, by polymerization 
of silica with organosilane e.g. tetraethoxysilane, resulting in formation of silica with 




5.3.3. Type C silica 
 
The surface of highly pure silica is populated with non-polar silicon-hydride 
groups (SiH) instead of the polar silanols (SiOH). Theoretically, this type of 
stationary phase has the least amount of free silanols which will be highly 
recommended for analysis of basic pharmaceuticals, yielding very good peak shape. 
The advantages of this phase are its rapid equilibration and extended lifetime (Pesek 
et al., 2013). 
 
5.3.4. Stationary phases with permanent or induced charge 
 
a. Polar embedded group phases (PEG) 
 
PEG phase is prepared by embedding polar groups e.g. amide, urea, carbamate, 
sulphonamide, alkyl ether or phenyl ether) into the silica with a spacer group in 
between, usually propyl moiety and the C-alkyl ligand can vary from C8 to C18. The 
preparation of PEG is a two-step approach, Firstly, reacting silica with aminopropyl 
silane followed by reacting the aminopropyl silica with an acid chloride or 
isocyanate to form an amide or urea. This stationary phase has showed stable 
retention in highly aqueous mobile phases and improved peak shape with basic 
analytes (O’Sullivan et al., 2010). 
 
b. Charged surface hybrid (CSH) 
 
The preparation of charged surface hybrid phase imparts a small positive 
charge on the silica surface i.e. XSelect range, which improves significantly the 
analysis of basic analytes over traditional hybrid stationary phase. A study has been 
done to evaluate CSH phase of C18 and phenyl with hybrid stationary phase of the 
bridged ethyl hybrid (BEH) family e.g. C8, C18, and phenyl. CSH stationary phase 
showed higher efficiency and better peak shape for basic analytes e.g. metroprolol, 






c. Mixed mode phase 
 
This phase has alkyl/permanent charge i.e. Primesep range. It shows good 
peak shape for basic analytes in low ionic strength mobile phase. However, the 
position of the embedded charged groups is crucial, where in mixed mode phase the 
ionic groups are within the alky chain, while the silanols are buried beneath the 
hydrophobic ligands (Borges and Euerby, 2013). 
 
d. Polar-end-capped phase 
 
Generally, the end capping process as described earlier, involves reacting 
residual silanol groups with small, reactive hydrophobic groups e.g. trimethylsilane. 
Polar-end-capped phase requires a hydrophilic species instead e.g. amino or hydroxyl 
terminated short alkyl chain. This kind of phase is usually claimed by manufacturer 
to provide improved peak shape for ionized analytes. 
 
5.3.5. Stationary phases other than silica 
 
Many alternatives are commercially available, e.g. polymeric and metal 
oxides stationary phases, show higher robustness than silica-based stationary phase 
against aggressive pH and temperature. 
Purely polymeric columns, have no residual silanols, but they do usually have 
negatively charged groups on their surface which are capable of producing tailing at 
neutral pH in the same way as silica. They are considered to be of lower efficiency 
than silica-based columns. Though development has improved the efficiency and it is 
believed that this kind of stationary phase will be a competitor to the silica-based 
phase. 
Recently metal oxides, particularly titanium dioxide have become 
commercially available. Chromatographic separations of compounds that are difficult 
to analyse on silica-based phase, can be carried out on titanium dioxide. Unlike 
conventional silica, positive or negative surface charges can be obtained on titania at 
low or high pH, respectively, due to the relatively high isoelectric point of the 
material (between 4 and 7). Titania has an extended resistance in extreme conditions 
of mobile phase pH (between 1 and 14) and temperature (up to 150ºC). Owing to its 
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different surface chemistry, titania was used to achieve selective chromatographic 
separations of polar compounds e.g. β blockers and N-methylated xanthines (El Debs 
et al., 2011). 
Zirconia phases have been introduced by Carr and co-workers (they are 
coated with organic polymers to provide RP properties), not by silanisation because 
of the relative instability of (Zr-O-Si) bond. Some studies showed promising results 
in the analysis of basic compounds. Although they have not been studied as 
extensively as silica-based phases, zirconia-based phases have gained more attention 
due to their high thermal and chemical stability over a wide range of temperature (up 
to 200°C) and pH (1 to 14). The major complexity in using zirconia-based phases is 
their extremely different surface chemistry which may have unfamiliar and 
unexpected properties compared with the nearly ubiquitous silica phases (Dai et al., 
2003). 
 
Results and discussion 
 
5.4. HPLC method optimisation for aconitine 1 and its degradation product (14-
O-benzoyl-8-O-methylaconine) 196 
 
Researchers are always exploring different means of identifying and 
quantifying the highly toxic Aconitum alkaloids for over 20 years, this is needed for 
assessing the levels of these alkaloids in unprocessed and processed aconite roots in 
order to ensure the safe use of these plant materials as medicinal herbs. Different 
methods have been developed, for instance capillary electrophoretic (Feng and Li, 
2002) as well as ion-pair liquid chromatographic (Peng et al., 1995) and HPLC 
methods (Jiang et al., 2005; Wang et al., 2006). 
There are problems in adjusting extraction conditions, separation conditions, 
analytical precision and robustness (quantitative assays), interference and failure to 
achieve baseline separation. Thus, the aim of this study was to develop a rapid, and 
reliable qualitative reverse-phase system and a preparative HPLC method for the 
determination of aconitine and its main degradation product, utilizing a volatile 
mobile phase to provide the flexibility for routine analytical work. 
In HPLC method optimization, organic modifiers, e.g. THF, methanol, and 
acetonitrile, have a great impact on the peak shape. THF is advantageous in giving 
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good peak shape with basic analytes, but there is a considerable resistance to using it 
because of the reactivity problems associated with the presence of peroxides in the 
solvent. Acetonitrile is more efficient than methanol at low pH, presumably due to its 
lower viscosity, which leads to observed pressure reduction in comparison to 
methanol containing mobile phases. 
HPLC hyphenated with mass spectrometry can also be used in the analysis of 
aconitine-type alkaloids and their benzoyl analogues e.g. aconitine, mesaconitine, 
benzoylaconine, benzoylmesaconine, and benzoylhypaconine (Zhang et al., 2008). 
Therefore, the interaction of aconitine 1 and its main degradation product, 14-O-
benzoyl-8-O-methylaconine (8-O-methylpicraconitine) 196, with different reversed 
phase stationary phases, from the alkyl and phenyl type will be monitored. Using two 
mobile phases, each with a different organic modifier (acetonitrile and methanol). 
The eluted peaks were monitored by High Resolution Time-of-Flight electrospray 
ionisation (HR-ESI) mass spectrometry. 
 
Table 5.1. Different HPLC methods in aconitine analysis. 
 
14-O-Benzoyl-8-O-methylaconine 196 eluted first on using the alkyl-type 
stationary phases i.e. C18 and C8 (Table 5.1). C18 and C8 interactions depend 
mainly on hydrophobicity. Aconitine 1 contains the C-8 acetate rather than the 
methyl ether in 14-O-benzoyl-8-O-methylaconine 196, the latter elutes first from 
C18 and C8 columns, in agreement with the ACD Labs calculated partition 
Stationary 
phase 
Mobile phase (v/v) Rt of 1 (min) Rt of 2 (min) 
C18 
MeCN: 2% aq. NH3 1:1 9.5 7.7 
MeOH: 2% aq. NH3 7:3 10.2 5.8 
C8 
MeCN: 2% aq. NH3 1:1 11.8 9.5 
MeOH: 2% aq. NH3 7:3 8.1 5.0 
PFP 
MeCN: 2% aq. NH3 1:1 6.8 18.8 
MeOH: 2% aq. NH3 7:3 8.5 12.3 
P6 
MeCN: 2% aq. NH3 1:1 9.0 17.3 
MeOH: 2% aq. NH3 7:3 19.8 24.0 
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coefficient (cLogP) values of the tested compounds, 0.867 for 1 and 0.482 for 2. 
Although sometimes C18 and C8 phases show big difference in shape selectivity, 
this difference is presumably not attributed to differences in ligand density as the 
surface coverage of both phases are similar (2.69 and 2.87 micromoles/m2 for the 
C18 and C8, respectively), but the differences in the C18 and C8 chain length, 
flexibility and conformation may be responsible for the differential access of analytes 
into these phases (Euerby et al., 2012). 
However, in the phenyl-type stationary phases, aconitine eluted first. The 
inversion of the retention order of these analytes suggests different mechanisms of 
interaction with each stationary phase, although all of them are reversed stationary 
phases. 
Generally, it was observed that the phenyl-type stationary phases used i.e. 
(pentafluorophenyl, PFP; phenylhexyl P6), retained the solutes more than the alkyl-
type (octadecylsilane, ODS, C18). Relative retention of a certain solute on one 
column versus another depends on the various interactions of the solute and the 
stationary phase. In reversed phase chromatography, it seems that hydrophobicity 
(H) is the main property affecting the retention factor (k), but possible additional 
contributions are emerging from the different chemical nature of the developed 









Figure 5.4. The chemical nature of different reversed-phase stationary phases. 
 
The identification of solute-column interactions is substantial in the 
assessment of chromatographic methods in order to achieve good separation of 
different samples. Some of these interactions are the steric resistance to penetration 
of the solute into the stationary phase (S*), hydrogen bonding, and cation exchange 






phenyl-type or fluoro columns e.g. π- π interactions and dipole-dipole interactions 
(Marchand et al., 2005). Typically columns with only alkyl ligands e.g. C8 and C18 
have zero dipole moment. 
It was observed that retention on phenyl columns versus alkylsilica columns 
tend to increase with the increasing of π-activity of the solute in this order:  aliphatics 
< substituted benzenes < nitro-substituted aromatics (Croes et al., 2005). 
Accordingly, π- π interactions can explain the longer retention time of aconitine 1 
and 14-O-benzoyl-8-O-methylaconine 2 on the phenyl-type columns relative to the 
alkyl-silica column (Table 5.2). Euerby and co-workers reported that 
acetonitrile/water mobile phase suppresses the solute-column π- π and dipole-dipole 
interactions in phenyl and cyano-columns compared to methanol/water mobile phase 
(Euerby et al., 2003), which is in good agreement with our results of the two phenyl 
columns under investigation i.e. PFP and P6 (Table 5.1). 
 
5.4.1. Stationary phase selection 
 
From the previous experiment it was observed that using high water content 
mobile system, increases the internal pressure of the HPLC system. Accordingly, in 
this experiment, the mobile system used was adjusted to have a higher content of 
organic modifiers, i.e. [9:1 v/v]. Three different natures of reversed stationary 
phases, i.e. C18, PFP and P6, were tested on the aged aconitine sample and the 
retention time of both molecules are listed in Table 5.2. 
 













Mobile phase (v/v) Rt of 1 (min) Rt of 196 (min) 
C18 
MeCN: 2% aq. NH3  9:1 3.0 5.8 
MeOH: 2% aq. NH3  9:1 2.6 2.8 
PFP 
MeCN: 2% aq. NH3  9:1 3.5 20.1 
MeOH: 2% aq. NH3  9:1 3.3 9.0 
P6 
MeCN: 2% aq. NH3  9:1 3.5 13.5 
MeOH: 2% aq. NH3  9:1 4.2 7.0 
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The method of choice is that on C18 reversed stationary phase with MeCN: 
2% aqueous NH3 [9:1 v/v] as a mobile phase system, in terms of peak shape, peak 
resolution, HPLC internal pressure, and retention time. 
 
5.4.2. Mobile phase selection 
 
From Tables 5.1 and 5.2, it was observed that C18 column showed different 
elution order of aconitine 1 and 14-O-benzoyl-8-O-methylaconine 196 with different 
mobile phase polarities of acetonitrile/2% aqueous ammonia system. Furthermore, a 
non-linear relationship between the organic modifier and the retention time of the 
solutes was observed. In using highly polar system i.e. [1:1 v/v], 14-O-benzoyl-8-O-
methylaconine 196 eluted first, by gradual decrease both solutes eluted together and 
at low polarity phases the elution order was reversed and aconitine 1 eluted first 
(Table 5.3). 
It was observed that in high polarity system [1:1 v/v], poor peak shape was 
obtained, although there is higher ammonia percentage in the mobile phase, which 
makes the alkaloids in their base form (unionized form) but the presence of high 
water content affects the peak shape to a great extent (Figure 5.5), as these C19-
diterpenoid alkaloids are sparingly soluble in water. 
 










These results suggest the presence of other factors controlling the C18 
column-solute interaction and not solely the partitioning effect, such as the silanol 
interactions and the eluent pH. 
 
MeCN: 2% aq. NH3 
(v/v) 
Rt of 1 (min) Rt of 196 (min) 
1:1 10.0 8.2 
65:35 4.8 4.8 
7:3 3.9 4.5 
8:2 3.1 4.1 






















Figure 5.5. Aged aconitine sample on C18 stationary phase using different polarities 
of acetonitrile: 2% aqueous ammonia mobile phase system. 
 
5.4.3. The effect of residual silanol groups 
 
In analysis of basic analytes using silica based reversed phase liquid 
chromatography, underivatised silanol groups can easily be ionised at neutral or high 
pH. Electrostatic interactions between the basic compounds and the residual silanol 
groups take place in addition to the expected hydrophobic interactions which cause 
prolonged retention time and peak tailing (Neue et al., 2005), extremely broad and 
retained peaks were observed for nicotine and procainamide in comparison to 
phenol, which varies with the degree of end-capping of the stationary phase under 








The classical assumption for the dual mechanism of interaction is: 
k = krp + kex 
Where k is the retention factor, krp contribution of the reversed phase process 
and kex contribution of the ion exchange (coulombic interaction) with the silanol 
groups. 
Neue et al (2005) developed the model to be a multiplicative formulation, 
combining both processes.  
k = krp kex 
 
The drawbacks of this model are, firstly, it cannot explain the change in 
retention with the change in the hydrophobicity of the column packing, secondly, the 
retention will disappear if either the hydrophobic interaction or the ionic interaction 
is zero. So, an improved model was proposed which combines the pure hydrophobic 
interaction with the multiplicative mechanism. 
k = krp + krp kex 
 
As the ion exchange interaction disappears, the pure hydrophobic interaction 
dominates. However, when the ionic interaction increases, the multiplicative 
interaction between the ion exchange and reversed phase dominates. In this form, if 
the hydrophobic interaction is zero, the retention would vanish and this cannot be the 
case because the ionic interaction will take over. A new formula has therefore been 
proposed, where the interaction of silanols is a dominant step, and the combined 
interaction is a possible mechanism whenever there is an ionic interaction. 
k = krp + krp
*
 kex
* + kex 
Although this mechanism was not reported in silica based packaging, but it 
was found in polybutadiene coated zirconia and divinylbenzene based backbone 
(Yang et al., 2003). In these types of packaging, sometimes the sites of multiplicative 
interaction are different from those of the individual interactions. This complex 
mechanism cannot be studied using a single mobile phase, as pH alteration and 
different organic modifier concentration will cause dramatic changes in the retention 
factor. Thus, it seems that a silica-based phase is the material of choice because of 




5.4.4. The influence of the eluent pH on the chromatographic separation 
 
From the previous experiment, the [MeCN: 2% aq. NH3, 9:1 v/v] mobile 
phase showed the best peak shape and resolution, in addition to this, this proportion 
did not elevate the system’s back pressure. Also, it is recommended when using 
alkaline mobile phases, to use a high proportion of organic modifier as it improves 
the stability of certain stationary phases and reduces the solubility of silica particles 
(Borges and Collins, 2012). So this experiment was designed to study the effect of 
mobile phase pH on the retention time and peak shape of aconitine 1 and 14-O-
benzoyl-8-O-methylaconine 196 using the [9:1 v/v] proportion (Figure 5.6). Five 
ammonia concentrations were prepared and the aged aconitine sample was injected 
in HPLC under the same conditions and the results are shown in Table 5.4. 
 
Table 5.4. Retention time of aconitine 1 and its degradation product 196 at different 
pHs. 
 
NH3 content in 
MeCN:H2O [9:1 v/v] 
Rt of 1 (min) Rt of 196 (min) 
0.7% 2.5 2.5 
0.35% 2.7 3.3 
0.175% 2.7 4.4 
0.105% 2.8 6.2 
0.035% 3.7 16.0 (poor peak shape) 
 
Several procedures are carried out to measure the mobile phase pH. The most 
common one requires firstly, calibration of the electrode with the aqueous buffers 
then measuring the pH of the aqueous buffer of the mobile phase before mixing with 
the organic modifier. This scale is named 𝑤
𝑤
pH scale (where the subscript implies that 
the electrode was calibrated with aqueous buffers, and the superscript implies that the 

















































Figure 5.6. Variation in retention time of aconitine 1 and 14-O-benzoyl-8-O-







Another procedure recommended by the IUPAC system, is to measure the pH 
of the mobile phase after mixing the aqueous buffer with the organic modifier. In this 
procedure, the electrode can be calibrated either in aqueous buffer 𝑠
𝑤
pH scale or in 
buffer prepared with the same composition as the mobile phase 𝑠
𝑠
pH scale. The values 
of the difference between the two scales (δ) in methanol-water and acetonitrile-water 
have been published (Espinosa et al., 2002). 
The 𝑠
𝑤
pH of the mobile phase varies according to the buffer used and the type 
and quantity of the organic modifier. Mobile phases prepared with inorganic buffers 
e.g. carbonate, borate, and phosphate have higher 𝑠
𝑤
pH than the 𝑤
𝑤
pH, while mobile 
phases prepared with amino buffers e.g. trimethylamine, tricine [N-(tri(hydroxy-
methyl)methyl)glycine], and ammonium have lower 𝑠
𝑤
pH than the 𝑤
𝑤
pH (Borges and 
Euerby, 2013). 
 Five ammonia concentrations were prepared in water and in 
[acetonitrile:water, 9:1 v/v] mixture, the pH was measured in the aqueous buffers and 
the corresponding mobile phases which are shown in Table 5.5. 
 









From Figure 5.6, it was observed that the best peak resolution was obtained in 
(Figure 5.6 c, d, and e) at 𝑠
𝑤
pH 10.42, 10.37, and 10.12 respectively. The 
chromatogram in Figure 5.6 e has shown that 14-O-benzoyl-8-O-methylaconine 196 
is extremely retained by the column at this 𝑠
𝑤
pH which can be attributed to a 
difference in the pKa between aconitine 1 and 14-O-benzoyl-8-O-methylaconine 196. 
From the shape of the peaks, it has been concluded that the 𝑠
𝑤
pH of 10.12 is above the 
pKa of aconitine 1 and below the pKa of 14-O-benzoyl-8-O-methylaconine 196 (see 
Chapter 6). 
NH3 content pH in water 
𝒔
𝒘
pH in 9:1 MeCN:H2O 
0.7% 11.50 11.37 
0.35% 11.37 10.85 
0.175% 11.11 10.42 
0.105% 11.00 10.37 
0.035% 10.72 10.12 
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f) 0.05% n-BuNH2 
 
 
Figure 5.7. HPLC chromatograms of aconitine 1 and 14-O-benzoyl-8-O-
methylaconine 196 at different n-butylamine concentrations. 
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When using n-butylamine in adjusting the mobile phase pH, poor peak shape 
was obtained at all pHs used and the solutes were only resolved at concentrations of 
0.1% (Rt of 1 = 2.6 min and Rt of 196 = 3.2 min) and 0.05% (Rt of 1 = 2.7 min and 
Rt of 196 = 4.8 min) (Figure 5.7) which are equivalent to 
𝑠
𝑤
pH 10.68 and 10.34 
respectively (Table 5.6), which is the same 𝑠
𝑤
pH range that yielded good 
chromatographic peak resolution when ammonia was used (Figure 5.6). n-
Butylamine is more basic than ammonia, where the pKa value of the former is 10.7 
while the latter is 9.4 (ACD Labs software) data. Thus, n-butylamine is suitable to be 
used with highly basic compounds in order to obtain the un-ionized form of the 














To summarise, several factors have a great impact on the HPLC method even 
on molecules closely related in shape, charge, structure, and therefore apparently 
similar physicochemical parameters. By optimising these factors, i.e. stationary 
phase, eluent pH, flow rate, and organic modifier type and concentration, a reliable, 
reproducible and accurate method for the determination and purification of aconitine 
1 and its degradation product 196 can be achieved. In these studies, the optimum 
HPLC conditions are a C18 stationary phase using acetonitrile:water [9:1 v/v] with 
0.105-0.175% conc. NH3, at λ = 232 nm and a flow rate of 1 mL/min. 
  
n-Butylamine content 












Chapter 6. Further analytical phytochemical studies using NMR spectroscopy 
 
6.1. pKa determination 
 
The acid-base dissociation constant (pKa) is the pH at which the acid is 50% 
dissociated and therefore 50% protonated. It is one of the important values which 
reflects the extent of ionisation of the compound at a specific pH, affecting the 
solubility, reactivity, biological activity and spectral properties of any ionisable 
compound. In drug development, pKa has an important impact on the prediction of 
pharmacokinetics and pharmacodynamics of drugs (Bezençon et al., 2014). 
Depending on alterations to the chemical, physical or spectroscopic 
properties of the compound with changes in pH, different methods are used for pKa 
determination such as:  volumetric analysis, potentiometry, UV-visible 
spectrophotometry, capillary zone electrophoresis, and NMR spectroscopy. 
NMR determination offers the advantage of measuring pKa in solutions which 
are not pure, e.g. in the presence of biological fluids or even of impurities, something 
which cannot be achieved by potentiometry. pKa measurement using NMR is usually 
carried out by monitoring the chemical shifts of the protons adjacent to the basic or 
acidic site, which are dependent on the pH of the solution, then in a graphical 
estimation, the chemical shifts can be plotted against the pH and the inflection point 
of the sigmoidal curve will define the pKa value (Webb et al., 2010). 
The use of NMR has several advantages. It is a non-destructive technique and 
by using small volume NMR tubes and prolonged recording time per pH value 
microgram range measurement and highly accurate data can be obtained (Bezençon 
et al., 2014). On the other hand, the main drawback is the solubility, different organic 
solvents e.g. (d4-MeOH, CD3CN) or solvent mixtures could be used to improve the 
samples solubility. It is more likely to use deuteriated solvents in these NMR 
experiments, which means that it is pD instead of pH especially when measurements 
are done in D2O, the relation between H
+ and D+ activities according to Gross-
Butler-Purlee theory is expressed by the following equation (Eq. 1) (Glasore and 
Long, 1960; Mikkelsen and Nielsen, 1960; Krezel and Bal, 2004). 
 




Unfortunately, the data obtained from pH and pD are not straightforward 
because the different binding affinities of protonated groups are different for D+ and 
H+, leading to a differential glass electrode response to H+ and D+ (Krezel and Bal, 
2004). 
A correction factor has also been calculated for pKa measured in 1:1 
water:methanol binary system, using the following equation (Eq. 2) where A = 0.97 
and B = 0.33. This correction factor gave results quite similar to the measured pKa in 
water with the difference being less than 0.1 (de Nogales et al., 2006). 
 
                                        pKa (H2O) = [pKa (H2O/MeOH)+B]  (Eq. 2) 
                                                                              A 
Also, it was reported that when d6-DMSO was used to improve the solubility 
of the compounds up to 27% d6-DMSO in a water:methanol mixture showed a 
difference in pKa of less than ±0.2 (Holmes and Lightner, 1995). 
The Henderson-Hasselbalch equation relates the pH and pKa (Eq. 3). In NMR 
studies for pKa measured, the chemical shift factor was introduced to the equation 
(Eq. 4) by Grycová et al. (2009), where the logarithmic analysis relates the chemical 
shift to pH in a linear form. 
pH = pKa + log 
[𝐻𝐴]
[𝐴−]
    (Eq. 3) 
 
    pH = pKa + log 
δmax – δ
δ – δmin
   (Eq. 4) 
 
Some pKa measurement attempts using NMR technique were done on organic 
compounds containing amino or carboxyl groups. The crucial drawback using NMR 
spectroscopy is the (sometimes) low solubility of charged or neutral species in a 
single solvent system so a large quantity of sample may be required in a binary or 
even a ternary solvent system. Recently, the methodology was revisited on a diverse 
range of compounds and revealed excellent correlations with UV spectroscopic and 
electropotentiometric methods. Moreover, theoretical values calculated by computers 
(Epik and Marvin) support and reinforce the reliability of this method (Bezençon et 
al., 2014). In the same study, it was reported that for unresolved chemical shifts 
adjacent to the ionisable centre, various protonation sites can be used which have to 
be not interfering with the resonance of the solvent or the solvent mixture used. 
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In some of the test compounds, pKa measurement was done using two or 
more different protons with different distance from the ionisable centre, e.g. codeine 
216 N-CH3 and O-CH3 and the pKa values measured were 8.14 and 8.11 respectively 
(Bezençon et al., 2014), while in paracetamol 217 (o-H, m-H and CH3) were used 
and quite similar values were obtained independent of the reporter proton distance 
from the ionisable centre. In addition, glycine 218 was an example of using one 












      218 
2D-Experiments or other nuclei such as 13C, 15N, and 19F can be applied. The 
very low natural abundance of 13C nuclei (1.11%) leads to prolonged recording time 
in contrast to the 1H nuclei which have a higher natural abundance, results in an 
improved sensitivity by a factor of 5600, allowing the use of smaller sample amounts 
at shorter recording times (Bezençon et al., 2014). 
The underused 15N-NMR spectroscopy was quite useful in measuring the pKa 
of the 15N-labelled hydrolysis products of the widely used anticancer drug, cisplatin 
(Berners-Price et al., 1992). However, direct (unenriched) 15N observe necessitates 
the use of very high concentration of the drug under investigation, to overcome this 
problem, heteronuclear multiple quantum coherence (HMQC) spectroscopy was 
optimized to allow the rapid pKa determination at low concentrations (Berners-Price 
et al., 1992). 
216  pKa 
N-CH3  8.14 
O-CH3  8.11 
217  pKa 
o-H  9.80 
m-H  9.80 









6.1.1. N-Ethylpiperidine 219 
 
N-Ethylpiperidine 219 molecule is used in this study as a simple model 
fragment for the C19-diterpenoid alkaloids e.g. aconitine 1. The pKa values of N-
ethylpiperidine 219 were obtained by recording the chemical shift values of the 
reporter atom i.e. proton, carbon or nitrogen with gradual change of pH using small 
volumes of (0.5 and 2 M) NaOH and (0.5 and 1M) HCl solutions. 
From the graphs of pH (pD-0.44) versus chemical shift (δ) in CD3OD:D2O 
(3:2 v/v) the pKa value is 9.65 by monitoring the methyl protons (Figures 6.1 and 
6.2), 9.61 in monitoring the methyl carbon as a reporter atom (Figure 6.3) and a 
value of 9.70 using the 15N-HMBC experiments (Figure 6.4). This agrees with the 
theoretical pKa value of 9.62±0.1 from ACD Labs software, but differs from N-
ethylpiperidine 219 as reported in the literature which is 10.45 (Perrin, 1965). The 
pKa value difference is possibly because different solvents were used, in our NMR 
experiments they were deuterated (CD3OD:D2O), while in Perrin’s experiment it was 
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         1 
 
The pKa measurement attempts of N-ethylpiperidine 219 were all carried out 
in binary solvent systems, because N-ethylpiperidine 219 is immiscible with water or 
deuterium oxide. Recently, a different NMR approach was applied in pKa 
measurement of a wide range of organic compounds using d6-DMSO:D2O as a 
solvent system (Bezençon et al., 2014). Hence, the chemical shifts of the methyl 
protons of the N-ethyl group in N-ethylpiperidine 219 were recorded in d6-
DMSO:D2O (2: 1 v/v) at different pH (Figure 6.6) and the N-ethylpiperidine 219 pKa 




Figure 6.1. 1H-NMR (500 MHz) spectra of N-ethylpiperidine 219 at different pH in 
CD3OD:D2O (3:2 v/v). The line shows the shift of the Me group as a function of pH. 
NCH2CH3 NCH2CH3 
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Figure 6.2. Monitoring methyl protons in the N-ethyl group of N-ethylpiperidine 219 

















Figure 6.3. Monitoring the methyl carbon chemical shift of N-ethylpiperidine 219 in 
CD3OD:D2O (3:2 v/v). 
 
pKa = 9.65 
 
 


















































Figure 6.4. Monitoring the nitrogen atom of the N-ethyl group of N-ethylpiperidine 
















Figure 6.5. Monitoring methyl protons in the N-ethyl group of N-ethylpiperidine 219 




pKa = 10.40 
 




































Figure 6.6. 1H-NMR (500 MHz) spectra of N-ethylpiperidine 219 at different pH in 











6.1.2. Aconitine 1 
 
In this experiment, the pKa value of aconitine 1 was measured depending on 
the fact that the nitrogen atom in ring E is the ionisable centre, hence the 
environment around it should be affected by changing the pH. Aconitine 1 is 
sparingly soluble in water that implies dissolving the sample in a binary solvent 
system in order to get sufficient amount for such NMR studies. The methyl and 
methylene protons of the N-ethyl terminal were monitored in CD3OD:D2O (3:2 v/v), 
the pKa value obtained was 9.70 (Figures 6.7 and 6.8) from both curves. Then using a 




 vs the chemical shift and a pKa value of 9.63 was obtained (Figure 6.9). 
 In 1959, Mayer and Marion measured the pKa of aconitine 1 by a traditional 
pH-titration method in 50% ethanol by titration with 0.055 M p-toluenesulfonic acid 
in 50% ethanol and reported a value of 7.72 (Mayer and Marion, 1959), whereas 
Golkiewicz et al. (1968) reported it from 80% aqueous methylcellosolve (2-methoxy-











During the experiment the limited solubility of aconitine 1 in the 
CD3OD:D2O mixture while changing the pH, hindered the data generation from 
13C 
and 15N-NMR experiments. Accordingly, it was important to carry out the 
experiment using a different solvent system. Bezençon and co-workers have 
measured the pKa values of some alkaloids such as codeine 216 and papaverine 220 
by NMR in d6-DMSO:D2O mixture, and there was good agreement with the 
potentiometric (EPD) values and the calculated predictions (Bezençon et al., 2014). 
216  pKa 
1H NMR 8.14 
EPD  8.22 
calculated 9.19 & 9.42 
220 pKa 
1H NMR 6.14 
EPD  6.39 



















































Figure 6.7. Monitoring methyl protons in the N-ethyl group of aconitine 1 in 
















Figure 6.8. Monitoring methylene protons of the N-ethyl group of aconitine 1 in 
CD3OD:D2O (3:2 v/v). 
 
pKa = 9.70 
 






























































Figure 6.9. Monitoring methyl protons in the N-ethyl group of aconitine 1 in 
CD3OD:D2O (3:2 v/v). 
 
Secondly, aconitine 1 showed improved solubility in d6-DMSO:D2O (2:1 
v/v), which allowed the pKa determination from the 
1H-NMR experiments based on 















Figure 6.10. Monitoring methyl in the N-ethyl group of aconitine 1 in d6-
DMSO:D2O (2:1 v/v). 
pKa = 7.82 
 




6.1.3. Aconitine artefact 196 
 
In the HPLC study of the aconitine 1 sample that had been stored in methanol 
(Chapter 5), it was interesting how the two molecules aconitine and its main 
degradation product 14-O-benzoyl-8-O-methylaconine 196 behaved differently on 
different reversed phase stationary phases and at different pHs. The two molecules 
under investigation are closely related in structure. The only difference is in the C-8 
substituent group, which has a little effect on the overall shape of the bridged rings 








  1       196 
With regard to the previous experiments, it was observed that the pKa values 
measured in d6-DMSO:D2O (2:1 v/v) binary solvent system are in good agreement 
with the reported literature data, hence the pKa of 14-O-benzoyl-8-O-methylaconine 
196 was determined in this solvent mixture, monitoring the methyl protons of the N-
ethyl terminal. In contrast to aconitine 1 and N-ethylpiperidine 219 spectra, the data 
obtained in the intermediate pH range showed two triplets for the methyl group of 
the N-ethyl fragment (Figure 6.11). This suggests that, in the case of 14-O-benzoyl-
8-O-methylaconine 196, slow exchange between the two species, i.e. ionized and 





Figure 6.11. 1H-NMR (500 MHz) spectrum of 14-O-benzoyl-8-O-methylaconine 
196 at pD 7.35 in d6-DMSO:D2O (2:1 v/v). 
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Accordingly, in order to analyse the data obtained, the Henderson–
Hasselbalch equation (Eq. 5) was used, after accurate integration of the two triplet 
signals in the 1H-NMR experiment at a specific pH, the pKa value obtained was 7.37. 
This means that there is a 0.45 unit difference between both pKa values of aconitine 1 
and its degradation product 196 in the same solvent system d6-DMSO:D2O (2:1 v/v). 
 
pH = pKa + log 
[𝑏𝑎𝑠𝑒]
[𝑎𝑐𝑖𝑑]
    (Eq. 5) 
 
In conclusion, pKa measurement by NMR is applicable for C19-diterpenoid 
alkaloids and can be carried out using different NMR atoms e.g. 13C and 15N 
particularly in highly concentrated samples. The main drawback is the limited 
solubility of such compounds which necessitates binary or ternary solvent systems to 
be used to achieve adequate concentration for NMR analysis. This approach can 
extend to measure pKa in mixed samples as long as the reporter atoms are well 





















6.2. Fatty acids determination 
 
Fatty acids determination is of increased interest in food nutrition evaluation, 
diagnosis of some diseases, and in pharmacology due to their biological importance. 
Some long-chain fatty acids have proved beneficial to human health. Unsaturated 
fatty acids, including monounsaturated and polyunsaturated fatty acids, e.g. oleic 
acid 221, linoleic 222 and linolenic acid 223, have been found beneficial against 
inflammation, enhancing the immune system and in reducing the risks of heart 
disease. However, some long-chain fatty acids such as trans-fatty acids are thought to 
increase the risk of cardiovascular diseases. 
Several methods for the qualitative and quantitative evaluation of fatty acids 
are reported in the literature, utilizing different techniques such as thin-layer 
chromatography (TLC), reversed-phase high-performance liquid chromatography 
(RP-HPLC) (Parcerisa et al., 2000), Gas Chromatography/Mass Spectrometry 
(GC/MS) (Kokoska et al., 2012; Musharraf et al., 2015), and NMR spectroscopy 
(Salinero et al., 2012). 
Analysis of the fatty acids composition is commonly carried out using gas 
liquid chromatography (GC), but the direct GC analysis of triglycerides is 
exceedingly difficult because of their low volatility. Different methods are carried 
out to obtain the volatile fatty acid methyl esters (FAMEs), by derivatization i.e. 
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 A study was done on the steam distilled essential oils of some representative 
species from the family Ranunculaceae i.e. Consolida regalis, Delphinium elatum, 
Nigella hispanica, and Nigella nigellastrum using GC and GC/MS, the results 
showed that the main constituents of C. regalis, D. elatum, and N. hispanica oils 
were fatty acids, whereas monoterpene hydrocarbons were the major constituents of 
the N. nigellastrum oil (Kokoska et al., 2012). 
 Some free fatty acids have been identified from Aconitum taipeicum, after 
esterification of the alcoholic extract by gas chromatography-mass spectrometry 
(GC/MS). The three predominant fatty acids were linoleic acid, followed by palmitic 
acid 224 and oleic acid 221 (Yue et al., 2010). 
 
6.2.1. Determination of fatty acid proportions using GC/MS 
 
 Samples obtained from the transesterification step by both methods i.e. using 
KOH (B.P. method) and using sulfuric acid were injected into the GC/MS. The fatty 
acids ratio was then calculated as a resultant of fatty acid methyl esters (FAMEs) 
component compared to known FAME standards. The data obtained from the 
potassium hydroxide method showed that the fatty acids were not fully methyl 
esterified, while the sulfuric acid method showed the typical fatty acid methyl esters 
chromatogram which allowed for the data processing and calculations (Table 6.1). In 
our results, the major fatty acid in the D. elatum oil is linoleic acid 222 (49%) which 
is in agreement with what was reported by Kokoska and co-workers i.e. (42.83%) 
(Kokoska et al., 2012), although the rest of the fatty acid proportions are different. 
 
Table 6.1. Fatty acid methyl ester percentages in some Aconitum sp. and D. elatum 
seed oil using GC/MS. 
seed sp. Oleic acid Linoleic acid Linolenic acid Saturated fatty acids 
A. carmichaelii 40.0 49.0 1.5 9.0 
A. napellus 37.5 52.0 1.3 9.0 
A. lycoctonum 61.5 32.0 0.9 5.5 





6.2.2. Determination of fatty acid proportions using NMR 
 
The 1H-NMR spectra of the triglyceride molecule show distinct proton 
species (Figure 6.12); a tertiary glycerol proton (Hg) appears at (δ ~5.25), the protons 
attached to C-1 and C-3 of the glycerol backbone (Ha) appear at (δ ~4.10-4.30) and 
can be integrated to provide a direct measure of the glyceride concentration. 
Methylenes next to the ester groups (Hb) appear at (δ ~2.25-2.35), each three of them 
per a single glycerol molecule, the terminal methyl protons of fatty acids appears at 
(δ ~0.90), where each three methyl groups will be for a single glycerol molecule 
(Jakes et al., 2015). Both (Hb) and the terminal methyl protons (Hm) are constant for 
more or less any triglyceride, they are potentially useful for calibration of integrals. 
The vinylic or olefinic protons (Hv) appear at (δ ~5.35) which can give an 
indication of the total number of unsaturated bonds, regardless it is originated from 
mono- or polyunsaturated fatty acids. Finally, linoleic bisallylic protons (Hd) at (δ 
~2.75) and linolenic bisallylic protons (Ht) at (δ ~2.80) (Salinero et al., 2012), both 

















Figure 6.12. Different proton environments in a triglyceride molecule. 
oleic  A 
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linolenic  C 
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 Using a 750 MHz NMR spectrometer, Salinero and co-workers have 
designed an experiment to determine the fatty acids composition of Camellia 
reticulata and C. japonica oils (Salinero et al., 2012; Feás et al., 2013). Four 
equations were generated to relate the integral of each set of protons, and thus 
reflects the ratio of the different fatty acids, relying on the concept of the presence of 
different kinds of protons in the triglyceride molecule such as the tertiary proton of 
the glycerol (Hg), vinylic protons (Hv) (Figure 6.13) and bisallylic protons from 
different unsaturated fatty acids i.e. di-unsaturated fatty acid (Hd) and tri-unsaturated 
fatty acid (Ht). The equations are: 
 
Vinylic protons (Hv) integral = 2A+4B+6C (at δ 5.35)  (Eq. 6) 
Linoleic bisallylic protons (Hd) integral = 2B (at δ 2.75)  (Eq. 7) 
Linolenic bisallylic protons (Ht) integral = 4C (at δ 2.80)  (Eq. 8) 
A+B+C+D = 3    (Eq. 9) 
 
Applying the same approach of (Salinero et al., 2012) on the oils obtained 
from the defatting step of the 3 Aconitum seed species i.e. (A. napellus, A. 
carmichaelii and A. lycoctonum) and D. elatum seeds (Chapter 4), 1H-NMR data 
were recorded in CDCl3 on a Bruker 600 MHz spectrometer. The data processing 
was done by repeating the reported method and the tertiary glycerol proton was 
integrated to 1 and the rest of the integrals were relative to it, followed by 



















The calculated fatty acid proportions are listed in (Table 6.2). This method 
allowed only the determination of fatty acids concentrations in two oil samples i.e. 
(A. napellus and A. lycoctonum), this is because of the overlapping of the glycerol 
tertiary proton with the vinyl protons (δ 5.25-5.35) (Figure 6.13), which did not 
allow accurate integration of the signals and can be attributable to the lower NMR 
machine power used in this experiment in comparison to the one used by Salinero 
and co-workers. 
 
Table 6.2. Fatty acid percentages in some Aconitum species oils using the tertiary 













A. napellus 27.7 61.3 2.0 9.0 
A. lycoctonum 55.8 35.5 1.5 7.2 
 
Processing of the 1H-NMR data was repeated, this time by using a different 
reference peak; a well separated peak which can be easily and accurately integrated 
in the spectra. The terminal methyl groups (Hm) of the fatty acids which appear at (δ 
0.85-0.90) were integrated to 9 (Figures 6.14, 6.15, 6.16, and 6.17) assuming that it 
got three fatty acid strands per a triglyceride molecule. Integration of the other types 
of protons was recorded and the percentages of fatty acids were calculated using the 
previous equations generated by (Salinero et al., 2012). The results obtained are 
listed in (Table 6.3). Integration of the terminal methyl groups (Hm) was more 
accurate as all of the oil samples can be determined by applying this method. 
 
Table 6.3. Fatty acid percentages in some Aconitum sp and Delphinium elatum oils 













A. carmichaelii 30.4 53.1 1.9 14.5 
A. napellus 27.2 58.0 1.8 13.0 
A. lycoctonum 55.9 35.9 1.3 6.8 



































































In comparing the obtained results of A. napellus and A. lycoctonum oils in 
both integration methods, they are in good agreement to each other. 
In the same way different peaks can be exploited such as the well resolved 
peak of the methylenes next to the ester groups (Hb) which appears at (δ ~2.30). 
Assuming that it is a three-stranded glyceride molecule, the peak was integrated to 6, 
calculations were carried out and listed in (Table 6.4) and likewise using this peak 
allowed data generation of all oil samples. That renders using the terminal methyl 
groups or the methylenes next to the ester groups (Hb) to be a better alternatives in 
the case of calculation difficulties using the tertiary glycerol proton as a reference 
peak. 
 
Table 6.4. Fatty acid percentages in some Aconitum sp and Delphinium elatum oils 













A. carmichaelii 26.6 46.7 1.6 25.1 
A. napellus 23.7 50.7 1.6 23.9 
A. lycoctonum 48.7 31.3 1.2 18.8 
D. elatum 37.2 42.3 2.4 18 
 
Alternatively, there are at least two more ways to calculate the proportions of 
each type of the fatty acids in the sample. Firstly, using the methylene-intercept (Hd 
and Ht) and alkene signals (Hv). In a tri-unsaturated chain e.g. linolenic acid, each 
proton of the bisallylic protons (Ht) appears at δ 2.80 is equivalent to 6/4 of the 
alkene protons, while in a di-unsaturated chain e.g. linoleic acid, each proton of the 
bisallylic protons (Hd) appears at δ 2.75 is equivalent to two alkene protons. All 
remaining alkene protons must be for the mono-unsaturated chains and any 
remaining chains must be saturated. 
Secondly using the methylene-intercept (Hd and Ht) and the methylene of–
CH2-CH
‗ terminal (Hc) signals (at δ 2.0). Each bisallylic proton (Ht) in the tri-
unsaturated chain is equivalent to one proton of the (Hc) type, while each proton of 
the bisallylic protons of a di-unsaturated chain (Hd) is equivalent to two protons of 
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the (Hc) type. All remaining (Hc) must be for the mono-unsaturated chains and any 
remaining chains must be saturated chains. 
 By applying the first approach on the Delphinium elatum oil spectra, the 
proportions of the fatty acids were for the tri-unsaturated chains (2.3%), di-
unsaturated chains (43%), mono-unsaturated chains (38%), and saturated chains 
(17%), while in applying the second approach, the proportions are tri-unsaturated 
chains (2.3%), di-unsaturated chains (43%), mono-unsaturated chains (52%), and 
saturated chains (2.3%). That is to conclude that, the results obtained from the first 
calculation approach are similar to what was obtained from applying Salinero and 
co-workers assumption (Table 6.3), even though different reference peaks were used 
i.e. the terminal methyl groups. 
It was observed in the 1H-NMR spectra of all the oil samples under 
investigation that the terminal methyl protons signals did not appear as a sharp 
triplet. This is due to the overlapped peaks of the methyl groups from different fatty 
acid chains, having different chemical environments. Most naturally-occurring fats 
and oils are mainly composed of mixed triglycerides i.e. two or more of the 
esterifying fatty acids are different (Dewick, 2009). Moreover, in analysing the NMR 
data a very small triplet peak was detected in all the samples at (δ 0.94-0.98). This 
can be an evidence of the presence of α-linolenic acid 223 (C18:3 ω-3) together with 
ɣ-linolenic acid 225 (C18:3 ω-6) in these oils, as the former 223 contains a double 
bond close to the terminal methyl group that is known to cause a downfield shift (to a 
higher ppm). It was reported that the terminal methyl protons appear at (δ 0.97) in 
the former 223 while at (δ 0.87) in the latter 225 (Jakes et al., 2015). By comparing 
the integral values of both peaks, the ratio of ɣ-linolenic acid 225 to α-linolenic acid 










18:3 (9c, 12c, 15c) ω-3 
225 
18:3 (6c, 9c, 12c) ω-6 
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In conclusion, the overall results obtained from the two main methods i.e. 
GC/MS and NMR are in good agreement, except for the saturated fatty acid chain 
ratios, which were higher in all the samples under investigation using NMR analysis 
than in GC/MS analysis i.e. 14.5, 13.0, 6.8, and 16.9 by NMR while 9, 9, 5.5, and 4 
by GC/MS for the A. carmichaelii, A. napellus, A. lycoctonum, and D. elatum oils 
respectively. This could be attributed to the high content of hydrocarbons in these 
oils, which accordingly have terminal methyl groups that add to the saturated fatty 
acid ratio in using the NMR method. 
Finally, although GC is the standard method used so far for the quantitative 
determination of the triglycerides composition. However, this is a destructive method 
because it involves hydrolysis of tri-acylglycerols and methylation of the free fatty 
acids prior to their chromatographic analysis, whereas the NMR technique showed 









Aconitum and Delphinium genera are important rich sources of toxic C19-
diterpenoid alkaloids. In this thesis, the alkaloidal content of A. napellus and D. 
elatum seeds have been investigated in detail. Crude alkaloidal extracts were 
obtained and the extracts were purified by repeated column chromatography (over 
silica and alumina gels), yielding five known alkaloids from A. napellus, i.e. 
aconitine 1, neoline 27, 14-O-acetyltalatisamine 198, 14-O-benzoylaconine 95, and 
taurenine 29, and three others from D. elatum, i.e. delpheline 120, MLA 4 and 
iminodelsemine A/B 199. Mass spectrometry hyphenated with HPLC or column 
chromatography can be used as a rapid tool for alkaloidal screening of different 
extracts. 
This is the first report of iminodelsemine A/B 199, an imino-alkaloid which 
can be considered as an artefact resulting from the use of ammonia reacting with 
anhweidelphinine 209 attacking the N-(2-methylsuccinimido) ring on both carbonyl 
centres, producing a mixture of closely related regioisomers. The structure was 
identified following detailed 1D and 2D 1H-, 13C-, and 15N-NMR spectroscopy 












Different extraction procedures were carried out using different solvents, e.g. 
acetone, methanol, ethanol, 1M aqueous hydrochloric acid, and conc. aqueous 
ammonia. Extraction involving alcohols (including their deuterated isotopomers) led 
to isolation of 8-O-alkylated diterpenoid alkaloids which is most probably due to the 
extensive degradation of diester diterpenoid alkaloids such as aconitine 1 yielding 
R =  
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14-O-benzoyl-8-O-methylaconine 196. This degradation can occur via a synchronous 
Grob-type fragmentation involving cleavage of the C-7-C-17 bond when the nitrogen 
electron pair and C-7-C17 adopt an anti-parallel orientation with the C-8-acetate 
bond. 
Stability studies of aconitine 1 showed that formation of 14-O-benzoyl-8-O-
methylaconine 196 can be detected even 2 hours after storing aconitine 1 in methanol 
at 18oC. Hence, to avoid artefact formation, 1M aqueous hydrochloric acid or 
acetonitrile can be the solvents of choice, although methanol gave a higher alkaloid 
yield. In this study, aconitine degradation product 196 and its deuterated analogue 
197 have been partially synthesised and purified using a developed HPLC method, 
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Generally, this chemical degradation is required in the medicinal use and 
applications of the Aconitum roots in either the Chinese or Japanese Traditional 
Medicines which normally is carried out by boiling the plants before its use (pre-
treatmant step) in order to convert the diester-diterpenoid alkaloids (highly toxic) to 
the monoester-diterpenoid alkaloids (less toxic). 
C18 stationary phase is the traditional phase in reversed-phase HPLC and it is 
one of the most reliable phases affording reproducible results. However, newly 
developed solid supports such as phases with aromatic functionality have shown 
unique separation selectivity in chromatographic method development. In addition to 
the increased retention of basic analytes achieved when using a high content organic 
modifier mobile phase. The eluent pH was shown to be an important factor affecting 
the retention time and the elution order of the closely similar C19-diterpenoid 




NMR spectroscopy can be widely used in different analytical analyses within 
various phytochemical approaches. In these studies, it has been extended its more 
now traditional use in structural elucidation to different techniques such as the pKa 
determination of some C19-diterpenoid alkaloids and in fatty acid quantification. 
pKa determination by NMR was carried out on N-ethylpiperidine 219 as a 
model compound for C19-diterpenoid alkaloids which are the focus of this thesis. 
Then, NMR spectroscopy was utilized in the pKa determination of aconitine 1 and its 
main degradation product, 14-O-benzoyl-8-O-methylaconine 196, using 1H-NMR, 
13C-NMR and 15N-HMBC experiments in a binary solvent system such as 
CD3OD:D2O (3:2 v/v) and DMSO:D2O (2:1 v/v), because of the poor solubility of 
C19-diterpenoid alkaloids in (pure) water, and especially because ONE species at 
either end of the pKa range showed limited solubility in either water or methanol. 
Fatty acids percentages are normally determined by GC/MS analysis which 
requires long preparation times and furthermore the transesterification of 
triglycerides is not always quantitative. In this study, the traditional GC/MS was 
compared with the NMR approach which also requires only a small amount of the 
sample and significantly without any prior sample preparation. The results obtained 
from both techniques showed good agreement. In addition two different calculation 
approaches based upon 1H-NMR signal integration were developed using well-
resolved reference peaks such as the terminal methyl groups of the fatty acids (δ 
0.85-0.90) or the methylenes next to the ester groups (δ 2.30), to avoid any 
calculation difficulties when using the tertiary glycerol proton signal (δ 5.25). 
In conclusion, the aims of this phytochemical research project have been 
achieved, after maceration, extraction and isolation of C19-diterpenoid alkaloids from 
some seeds of some species of the family Ranunculaceae. This was achieved together 
with their detailed characterisation chromatographically to sample homogeneity 
(over a range of solid supports), spectroscopically (using a variety of techniques and 
nuclei), and by X-ray single crystal analysis. The data in support of the first report of 
iminodelsemine A/B 199 as an imino-alkaloid as an artefact from D. elatum are 
presented. A detailed chromatographic study across different pH ranges and over 
different solid supports of aconitine 1 and its main degradation product, 14-O-
benzoyl-8-O-methylaconine 196, together with its semi-synthesis and that of its 
deuterated analogue 197 were achieved as part of studies on how to minimize 
artefact formation during the storage or extraction of A. napellus norditerpenoid 
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alkaloids. Likewise, from D. elatum seeds as a model source of Delphinium 
alkaloids, the alkaloid yield using different extraction techniques and conventional 
chromatographic separations was compared. The structures were confirmed by NMR 
spectroscopy and mass spectrometry. A novel NMR spectroscopic approach for pKa 
determination of some C19-diterpenoid alkaloids was developed. A modified 
calculation method for fatty acid composition quantification was also developed 
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Appendix 1. Delpheline X-ray data 
Table 1. Crystal data and structure refinement for delpheline. 
Identification code  Delpheline 
Empirical formula  C25 H39 N O6 
Formula weight  449.57 
Temperature  150(2) K 
Wavelength  1.54184 Å 
Crystal system  Orthorhombic 
Space group  P212121 
Unit cell dimensions a = 11.96320(10) Å = 90°. 
 b = 13.15970(10) Å = 90°. 
 c = 14.3696(2) Å  = 90°. 
Volume 2262.24(4) Å3 
Z 4 
Density (calculated) 1.320 Mg/m3 
Absorption coefficient 0.755 mm-1 
F(000) 976 
Crystal size 0.250 x 0.200 x 0.050 mm3 
Theta range for data collection 4.556 to 71.814°. 
Index ranges -14<=h<=14, -16<=k<=16, -14<=l<=17 
Reflections collected 21364 
Independent reflections 4388 [R(int) = 0.0533] 
Completeness to theta = 67.684° 99.9 %  
Absorption correction Semi-empirical from equivalents 
Max. and min. transmission 1.00000 and 0.65496 
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Refinement method Full-matrix least-squares on F2 
Data / restraints / parameters 4388 / 0 / 309 
Goodness-of-fit on F2 1.030 
Final R indices [I>2sigma(I)] R1 = 0.0416, wR2 = 0.1061 
R indices (all data) R1 = 0.0433, wR2 = 0.1078 
Absolute structure parameter 0.09(9) 
Extinction coefficient n/a 



















Table 2.  Atomic coordinates (x 104) and equivalent isotropic displacement parameters (Å2x 103) 
for delpheline. U (eq) is defined as one third of the trace of the orthogonalized Uij tensor. 
________________________________________________________________________________  
 x y z U(eq) 
________________________________________________________________________________   
N 3915(2) 7205(2) 2228(2) 18(1) 
O(1) 4890(2) 5723(1) 3863(2) 25(1) 
O(2) 533(2) 7678(1) 3501(1) 18(1) 
O(3) 1543(1) 6761(1) 1498(1) 16(1) 
O(4) 124(1) 5980(1) 2323(1) 16(1) 
O(5) 1593(2) 2915(1) 2436(2) 22(1) 
O(6) -55(2) 4044(1) 3686(1) 19(1) 
C(1) 5182(2) 7425(3) 882(2) 32(1) 
C(2) 4078(2) 7039(2) 1234(2) 26(1) 
C(3) 3732(2) 8283(2) 2446(2) 19(1) 
C(5) 2533(2) 7663(2) 3758(2) 14(1) 
C(6) 3112(2) 6601(2) 3708(2) 13(1) 
C(7) 3128(2) 6482(2) 2641(2) 14(1) 
C(8) 4278(2) 6587(2) 4189(2) 17(1) 
C(9) 5819(2) 5481(2) 4425(2) 31(1) 
C(10) 5007(2) 7531(2) 4067(2) 21(1) 
C(11) 4344(2) 8506(2) 4129(2) 21(1) 
C(12) 3360(2) 8500(2) 3454(2) 18(1) 
C(13) 2809(2) 9551(2) 3482(2) 24(1) 
C(14) 1576(2) 7597(2) 3040(2) 15(1) 
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C(15) 1862(2) 6628(2) 2452(2) 12(1) 
C(16) 393(2) 6459(2) 1462(2) 18(1) 
C(17) 1194(2) 5686(2) 2719(2) 13(1) 
C(18) 1154(2) 5596(2) 3771(2) 14(1) 
C(19) 2356(2) 5771(2) 4179(2) 15(1) 
C(20) 2861(2) 4674(2) 4215(2) 21(1) 
C(21) 1968(2) 3951(2) 3830(2) 18(1) 
C(22) 2096(2) 3838(2) 2774(2) 16(1) 
C(23) 2239(3) 2038(2) 2580(3) 23(1) 
C(23A) 2135(14) 2344(17) 1852(19) 57(9) 
C(24) 1550(2) 4695(2) 2211(2) 17(1) 
C(25) 901(2) 4509(2) 4087(2) 16(1) 















Table 3.  Bond lengths [Å] for delpheline. 
_____________________________________________________  
N-C(2)  1.458(3) 
N-C(7)  1.464(3) 
N-C(3)  1.470(3) 
O(1)-C(9)  1.410(3) 
O(1)-C(8)  1.431(3) 
O(2)-C(14)  1.418(3) 
O(2)-H(2)  0.81(4) 
O(3)-C(16)  1.433(3) 
O(3)-C(15)  1.433(3) 
O(4)-C(16)  1.426(3) 
O(4)-C(17)  1.453(3) 
O(5)-C(23A)  1.300(16) 
O(5)-C(23)  1.404(3) 
O(5)-C(22)  1.440(3) 
O(6)-C(26)  1.409(3) 
O(6)-C(25)  1.419(3) 
C(1)-C(2)  1.502(4) 
C(1)-H(1A)  0.9800 
C(1)-H(1B)  0.9800 
C(1)-H(1C)  0.9800 
C(2)-H(2A)  0.9900 
C(2)-H(2B)  0.9900 
C(3)-C(12)  1.541(4) 
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C(3)-H(3A)  0.9900 
C(3)-H(3B)  0.9900 
C(5)-C(14)  1.543(3) 
C(5)-C(12)  1.545(3) 
C(5)-C(6)  1.561(3) 
C(5)-H(5)  1.0000 
C(6)-C(7)  1.541(3) 
C(6)-C(8)  1.557(3) 
C(6)-C(19)  1.571(3) 
C(7)-C(15)  1.550(3) 
C(7)-H(7)  1.0000 
C(8)-C(10)  1.527(3) 
C(8)-H(8)  1.0000 
C(9)-H(9A)  0.9800 
C(9)-H(9B)  0.9800 
C(9)-H(9C)  0.9800 
C(10)-C(11)  1.511(3) 
C(10)-H(10A)  0.9900 
C(10)-H(10B)  0.9900 
C(11)-C(12)  1.525(3) 
C(11)-H(11A)  0.9900 
C(11)-H(11B)  0.9900 
C(12)-C(13)  1.532(3) 
C(13)-H(13A)  0.9800 
C(13)-H(13B)  0.9800 
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C(13)-H(13C)  0.9800 
C(14)-C(15)  1.568(3) 
C(14)-H(14)  1.0000 
C(15)-C(17)  1.525(3) 
C(16)-H(16A)  0.9900 
C(16)-H(16B)  0.9900 
C(17)-C(18)  1.517(3) 
C(17)-C(24)  1.555(3) 
C(18)-C(25)  1.530(3) 
C(18)-C(19)  1.569(3) 
C(18)-H(18)  1.0000 
C(19)-C(20)  1.566(3) 
C(19)-H(19)  1.0000 
C(20)-C(21)  1.534(3) 
C(20)-H(20A)  0.9900 
C(20)-H(20B)  0.9900 
C(21)-C(25)  1.518(3) 
C(21)-C(22)  1.532(4) 
C(21)-H(21)  1.0000 
C(22)-C(24)  1.533(3) 
C(22)-H(22)  1.0000 
C(23)-H(23A)  0.9800 
C(23)-H(23B)  0.9800 
C(23)-H(23C)  0.9800 
C(23A)-H(23D)  0.9800 
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C(23A)-H(23E)  0.9800 
C(23A)-H(23F)  0.9800 
C(24)-H(24A)  0.9900 
C(24)-H(24B)  0.9900 
C(25)-H(25)  1.0000 
C(26)-H(26A)  0.9800 
C(26)-H(26B)  0.9800 
















































































































































































































Table 5.  Anisotropic displacement parameters (Å2x 103) for s15phar1.  The anisotropic 
displacement factor exponent takes the form:  -22[ h2 a*2U11 + ...  + 2 h k a* b* U12 ] 
______________________________________________________________________________  
 U11 U22  U33 U23 U13 U12 
______________________________________________________________________________  
N 20(1)  20(1) 14(1)  -3(1) 3(1)  -6(1) 
O(1) 20(1)  21(1) 34(1)  -12(1) -6(1)  6(1) 
O(2) 17(1)  19(1) 20(1)  -3(1) -2(1)  4(1) 
O(3) 21(1)  19(1) 9(1)  2(1) -3(1)  -4(1) 
O(4) 17(1)  19(1) 13(1)  4(1) -4(1)  -1(1) 
O(5) 21(1)  12(1) 34(1)  -9(1) -2(1)  -1(1) 
O(6) 21(1)  18(1) 19(1)  -4(1) 2(1)  -4(1) 
C(1) 31(1)  43(2) 21(1)  -1(1) 9(1)  -8(1) 
C(2) 30(1)  32(1) 17(1)  -7(1) 4(1)  -11(1) 
C(3) 22(1)  17(1) 17(1)  0(1) 0(1)  -5(1) 
C(5) 18(1)  12(1) 13(1)  -4(1) -2(1)  0(1) 
C(6) 16(1)  13(1) 12(1)  -3(1) -2(1)  0(1) 
C(7) 17(1)  12(1) 13(1)  -2(1) 1(1)  -1(1) 
C(8) 18(1)  18(1) 16(1)  -5(1) -3(1)  4(1) 
C(9) 21(1)  25(1) 46(2)  -2(1) -8(1)  4(1) 
C(10) 19(1)  22(1) 23(1)  -6(1) -4(1)  -1(1) 
C(11) 22(1)  19(1) 22(1)  -7(1) -4(1)  -5(1) 
C(12) 21(1)  13(1) 20(1)  -2(1) -1(1)  -2(1) 
C(13) 30(1)  14(1) 27(2)  -4(1) -2(1)  -3(1) 
C(14) 18(1)  11(1) 15(1)  0(1) -2(1)  1(1) 
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C(15) 16(1)  14(1) 7(1)  0(1) -2(1)  -1(1) 
C(16) 20(1)  21(1) 12(1)  2(1) -5(1)  -1(1) 
C(17) 15(1)  12(1) 13(1)  1(1) -2(1)  -2(1) 
C(18) 18(1)  12(1) 11(1)  0(1) -1(1)  -1(1) 
C(19) 21(1)  14(1) 10(1)  0(1) -3(1)  0(1) 
C(20) 25(1)  14(1) 24(1)  2(1) -11(1)  2(1) 
C(21) 24(1)  11(1) 20(1)  4(1) -4(1)  0(1) 
C(22) 17(1)  11(1) 21(1)  -4(1) -1(1)  -3(1) 
C(23) 21(2)  12(2) 35(3)  -6(2) 2(2)  3(1) 
C(23A) 34(8)  60(12) 80(20)  -46(13) 32(10)  -17(8) 
C(24) 24(1)  13(1) 15(1)  -3(1) -3(1)  -2(1) 
C(25) 22(1)  16(1) 11(1)  0(1) -1(1)  -3(1) 















Table 6.  Hydrogen coordinates ( x 104) and isotropic  displacement parameters (Å2x 10 3) 
for delpheline. 
________________________________________________________________________________  
 x  y  z  U(eq) 
________________________________________________________________________________  
  
H(2) 40(30) 7720(20) 3110(20) 18(8) 
H(1A) 5218 8163 965 47 
H(1B) 5257 7260 220 47 
H(1C) 5790 7103 1231 47 
H(2A) 3470 7382 889 31 
H(2B) 4025 6302 1103 31 
H(3A) 3157 8554 2017 23 
H(3B) 4435 8658 2325 23 
H(5) 2235 7799 4397 17 
H(7) 3352 5773 2475 17 
H(8) 4151 6493 4871 21 
H(9A) 5619 5565 5082 46 
H(9B) 6443 5934 4272 46 
H(9C) 6042 4775 4312 46 
H(10A) 5594 7534 4552 26 
H(10B) 5382 7499 3453 26 
H(11A) 4838 9088 3986 26 
H(11B) 4062 8592 4772 26 
H(13A) 2659 9740 4130 35 
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H(13B) 2105 9532 3135 35 
H(13C) 3311 10053 3200 35 
H(14) 1647 8199 2618 18 
H(16A) -91 7060 1365 21 
H(16B) 272 5980 940 21 
H(18) 607 6087 4042 16 
H(19) 2250 5989 4840 18 
H(20A) 3548 4637 3832 25 
H(20B) 3052 4488 4863 25 
H(21) 2005 3274 4145 22 
H(22) 2912 3822 2622 19 
H(23A) 1894 1462 2258 34 
H(23B) 2281 1893 3248 34 
H(23C) 2995 2148 2336 34 
H(23D) 1650 1789 1643 85 
H(23E) 2797 2061 2158 85 
H(23F) 2366 2751 1314 85 
H(24A) 877 4410 1907 21 
H(24B) 2077 4887 1710 21 
H(25) 819 4504 4779 20 
H(26A) -1687 4013 3843 38 
H(26B) -1175 5133 3769 38 
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Abstract – HPLC in combination with mass spectrometry 
is often used in the analysis of aconitine, mesaconitine, 
hypaconitine, and their benzoyl analogues.  The use of 
different solvents may affect the stability of these 
compounds. We show that aconitine dissolved in 
methanol was degraded into 3 major products after 1 




 Aconitine, one of the series of toxic norditerpenoid 
alkaloids, is mainly present in several species of the genus 
Aconitum (Fig. 1). C19-Norditerpenoid alkaloids with di-
ester groups at C-8 and C-14 are the most toxic alkaloids 
e.g. aconitine, mesaconitine, and hypaconitine. Some 
Aconitum species are widely used in Chinese herbal 
medicine and in homeopathy especially as a tincture or an 
ointment, but often with a pre-treatment step such as boiling 
in water to reduce their toxicity by inducing hydrolysis of 
the ester groups e.g. acetate and/or benzoate [1, 2]. 
 In the course of a comparison of small scale extraction 
methods for routine application to the analysis of plant 
materials and other products containing norditerpenoid 
alkaloids, the reactivity of these ester alkaloids towards 
various common organic solvents was examined. 
 
MATERIALS AND METHODS 
 
 Aconitine was purchased from Sigma-Aldrich, UK. 
 1) Sample preparation:  5 mg were dissolved in 5 mL of 
methanol (HPLC grade). 
 2) HPLC optimization:  HPLC instrument:  Jasco PU-
980 pump and UV-975 detector; column:  Phenomenex 
Luna 5µ PFP (2) 15 x 4.5 mm; mobile phase:  0.1% formic 
acid:acetonitrile [65:35], 1 mL/min; sample volume 20 µL, 
detection UV λ = 232 nm. 
 3) Mass spectrometry:  High Resolution Time-of-Flight 
mass spectra were obtained on a Bruker Daltonics 
micrOTOF spectrometer using electrospray ionisation (ESI). 
 
RESULTS AND DISCUSSION 
 
 Aconitine when freshly dissolved in methanol, showed a 
single peak (HPLC Rt 8 min).  However, when HPLC 
analysis was carried out on the same sample after a week 
stored at 20 oC, it showed 4 peaks (Fig. 2) (with detection of 
the benzoate group).  These 4 peaks were collected 
separately from six injections, combined, concentrated, and 
analysed by ESI mass spectrometry. 
Peak 1 mixture of HRMS m/z MH+ found 632.3097, MH+ 
of mesaconitine requires 632.3065 (Δ 5 ppm) and m/z of 
MH+ found 586.3013, MH+ of pyraconitine requires 
586.3011 (Δ 0.5 ppm). 
Peak 2 HRMS m/z of MH+ found 618.3291, MH+ of 
methoxylated-14-benzoyl aconine requires 618.3273 (Δ 3 
ppm). 
Peak 3 HRMS m/z of MH+ found 646.3193, MH+ of 








               
        
 












Fig. 2.  HPLC chromatogram of an aged methanolic sample of aconitine. 
 
This experiment was repeated using d4-MeOH in order to 
investigate any differences (in mass) and to determine if the 
compound eluting as peak 2, is formed due to loss of C2H4 
or replacement of the acetate group at C8 with O-methyl 
group from the solvent, both a resultant loss of 28 Da. 
Peak 1 was a mixture of m/z MH+ found 632.3093, MH+ of 
mesaconitine requires 632.3065 (Δ -4.4 ppm) and m/z of 
MH+ found 586.2998, MH+ of pyraconitine requires 
586.3011 (Δ 2.2 ppm). 
Peak 2 HRMS m/z of MH+ found 621.3490, MH+ of tri-
deuteriated methoxylated-14-benzoyl aconine requires 
621.3461 (Δ 5 ppm).  This confirms the replacement of the 
acetate by a methoxy group from the solvent. 
Peak 3 HRMS m/z of MH+ found 646.3237, MH+ of 




 Alcoholic solvents should be avoided in any extraction 
procedure for aconitine and diester diterpenoid alkaloids. 
Medicinal formulations such as tinctures that involve 
extracts in ethanol are likely to suffer extensive degradation 
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Aconitine is one of the highly toxic norditerpenoid alkaloid isolated from different 
Aconitum species. It excites the voltage-sensitive sodium channels leading to 
ventricular arrhythmia usually followed by respiratory failure and death [1]. 
Traditional Chinese Medicine (TCM) uses Aconitum in several formulations as an 
anti-inflammatory, cardio-tonic and in treatment of skin abscesses caused by 
Staphylococcus aureus infection, but only after processing, usually boiling and 
steaming in order to hydrolyze ester groups i.e. acetate and/or benzoate yielding a 
less toxic compounds [2]. 
Functional HPLC and High Resolution Mass spectrometry with electrospray 
ionization (ESI) were used to separate and identify some of aconitine degradation 
products obtained on treatment with different alcohols. Degradation products peaks 
were collected from Phenomenex Luna 5µ PFP 15 x 4.5 mm column; mobile phase: 
0.1% formic acid: acetonitrile [65:35 v/v], 1 mL/min; sample 20 µL, detection UV λ 
= 232 nm. Mass spectra showed the presence of pyraconitine (586 Da), 14-O-
benzoylaconine (604 Da) and aconitine (646 Da) and 8-O-alkylated-14-O-
benzoylaconine derivative depending upon the alcohol in which the sample was 
stored. These compounds eluted at Rt = 5.3 min in the case of MeOH and d4-MeOH, 
and at Rt = 3.8 min in the case of EtOH and d6-EtOH. 
Alcoholic solvents easily affect the acetyl group at C-8, even at room temperature. 
So they should be avoided in any extraction procedure for the analysis of aconitine 
and other diester diterpenoid alkaloids (DDA). 
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Abstract - HPLC is widely used in the separation 
and identification of (nor) diterpenoid alkaloids, 
especially when it is hyphenated with mass 
spectrometry which provides a rapid and 
reproducible assay procedure. However, using 
different stationary phases dramatically changes 
the appearance of the chromatogram, not only the 




Aconitine 1 is a highly toxic norditerpenoid 
alkaloid isolated from different Aconitum species. 
Traditional Chinese Medicine uses Aconitum but only 
after processing. Processing techniques depend on 
boiling and steaming in order to hydrolyse ester 
groups i.e. acetate and/or benzoate [1]. These 
functional groups on aconitine 1 are vulnerable even 
to storage in alcohols at 20 oC. 
 
MATERIALS AND METHODS 
 
 HPLC analysis used the mobile phase 
acetonitrile: 2% aqueous ammonia (1:1 v/v), 1 
mL/min. The performance of two different HPLC 
columns (Phenomenex phenylhexyl P6 Luna 5 µ 150 
x 4.6 mm, and Phenomenex C18 (2) Luna 5 µ 150 x 
4.6 mm) was compared in the analysis (at max = 232 
nm) of a mixture of aconitine 1 and its degradation 
products arising from storage at 20 oC in methanol. 
Peaks were collected from the two different HPLC 
columns and High Resolution Mass Spectra (HRMS) 
using electrospray ionisation (ESI) were obtained. 
 
RESULTS AND DISCUSSION 
 
HRMS data revealed the presence of residual 
aconitine 1 (646 Da). Pyraconitine (586 Da), 
benzoylaconine (604 Da) and 8-O-methyl-14-O-
benzoylaconine 2 (618 Da) were also identified. The 
elution order of these compounds was shown to be 
different. Aconitine 1 eluted at Rt = 10.0 min and 8-
O-methyl-14-O-benzoylaconine 2 at Rt = 16.0 min 
from the P6 column, while from the C18 column, 1 
eluted at Rt = 9.5 min (Rt essentially unchanged) and 
2 at Rt = 7.0 min [2]. The inversion of the retention 
order of these analytes suggests different mechanisms 
of interaction with each stationary phase, although 
both are reversed phase. Octadecylsilane (ODS, C18) 
interactions depend mainly on hydrophobicity. 
Aconitine 1 contains the acetate rather than the 
methyl ether of 8-O-methyl-14-O-benzoylaconine 2, 
the latter elutes first from a C18 column. The P6 
stationary phase is made of phenyl groups bound to a 
















P6 combines hydrophobicity with shape 
selectivity, dipole-dipole, and π-π interactions, 
providing the phase with wide pH stability and 
achieving enhanced retention of polar compounds. 
The difference in the functional groups is only at 
position 8, where the acetoxy in 1 is an oxygen atom 
rich ester, in comparison with the methoxy in 2. Here 
the ether is more electro-negative and with a stronger 
inductive effect, leaving a partial positive charge 
character on this functional group. This could then be 
more likely to interact with the phenylhexyl terminal 
groups with their prominent π-rich or π-electron 
donating tendency in comparison with the long 
octadecylsilane (ODS) chains. Partition coefficient 
(log P) values reveal that 2 is also less hydrophobic 
compared to 1. Therefore, in terms of polarity, this is 
a possible explanation why 2 is much more retained 




 Selectivity in isocratic separation depends mainly 
on the choice of column stationary phase. Retention 
time and even elution order are shown to be different 
for closely similar norditerpenoid alkaloids as a 
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  Aconitum napellus is a highly poisonous plant; all of its parts are rich in toxic 
C19-norditerpenoid alkaloids e.g. aconitine and mesaconitine. General extraction 
procedures for aconitine and diester diterpenoid alkaloids require maceration in 
alcohols. Mass spectra of A. napellus seed extracts show various alkaloidal contents. 
HPLC combined with mass spectrometry was used to study the stability of aconitine 
in methanol, followed by separation and identification of the main artefact whose 
formation could follow a synchronous fragmentation. The HRMS data from A. 
napellus seed extracts, from methanol and acetone, showed the same alkaloidal 
profile with an extra peak in the methanolic extract at m/z MH+ = 618.3271, MH+ of 
O-methyl-14-O-benzoylaconine requires 618.3278. Its semi-synthesis was carried 
out by refluxing aconitine in methanol (6 h at 65 oC). The suggested mechanism for 
the formation of this artefact is via a Grob-type fragmentation, cleavage of the C-7-
C-17 bond with the nitrogen lone pair and C-7-C17 orientated anti-parallel to the C-
8-acetate bond, and then adding methanol back. The NMR data of the HPLC purified 
artefact (10 mg) were compared with those of aconitine. Assigning the new O-methyl 
at C-8 followed from the chemical shift data, δH 3.14, 3.28, 3.28, 3.31 and 3.74 
(each 3H, s) and δC 49.9, 55.0, 58.5, 59.1 and 62.4 (respectively), while in aconitine, 
four methoxy singlets appear at δH 3.16, 3.26, 3.29 and 3.75, with associated carbon 
signals at δC 58.1, 56.1, 59.3 and 61.3. Quaternary C-8 resonates at δC 82.4 in 8-O-
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Abstract – The toxic C19-norditerpenoid alkaloid 
aconitine was dissolved in or reacted with 
methanol. The ether degradation product could be 
formed by a Grob-type fragmentation, an overall 




 Aconitum napellus is a highly poisonous plant. All 
of its parts are rich in C19-norditerpenoid alkaloids. 
Diester norditerpenoid alkaloids e.g. aconitine 1, 
mesaconitine, and hypaconitine are the most toxic [1]. 
General extraction procedures for aconitine and diester 
diterpenoid alkaloids require maceration in alcoholic 
solvents. Mass spectra of A. napellus seed extracts 
show different alkaloidal content. LC-MS was used to 
study the stability of aconitine in methanol, followed 
by separation and identification of the main 
degradation product, methoxy-substituted 2 which 
could be formed by a synchronous Grob-type 
fragmentation [2]. 
 
MATERIALS AND METHODS 
Aconitine was purchased from Sigma-Aldrich, UK. 
Sample preparation:  aconitine (5 mg) was dissolved in 
methanol (5 mL, HPLC grade) for analytical assay and 
at 6 mg/mL for the separation. HPLC optimization 
used a Jasco PU-980 pump and UV-975 detector, over 
Phenomenex Luna Gemini 5µ C18 150 x 4.60 mm 
column; mobile phase acetonitrile: water (9:1 v/v) with 
0.3% NH3, flow rate 1 mL/min; sample volume 20 µL, 
detection UV λ = 232 nm, or a semi-preparatory 
Gemini 5µ C18 250 x 10 mm column with a flow rate 
of 3 mL/min. High Resolution Time-of-Flight mass 
spectra were obtained on a Bruker Daltonics 
micrOTOF spectrometer using electrospray ionisation 
(ESI). NMR were obtained on a Bruker Avance III 500 
MHz. 
 
RESULTS AND DISCUSSION 
In comparing HRMS data obtained from A. napellus 
seeds extracts, e.g. from methanol and acetone, both 
showed the same alkaloidal profile with an extra peak 
in the methanolic extract of m/z MH+ found at 
618.3271, MH+ of methoxylated-14-O-
benzoylaconine 2 requires 618.3278 (Δ 0.2 ppm). 
Aconitine when freshly dissolved in methanol showed 
a single peak (HPLC Rt 2.7 min). However, when 
HPLC analysis was carried out on the same sample 
stored at 20 oC after 2 h, 24 h, 1 week, 1 month, and 2 
months, it showed 2 major peaks (still using detection 
of the benzoate chromophore). These two peaks were 
collected separately and analysed by ESI mass 
spectrometry. One peak elutes at Rt 2.7 min, HRMS 
m/z of MH+ found 646.3193, MH+ of aconitine 1 
requires 646.3222 (Δ 4 ppm). A later peak elutes at Rt 
3.7 min, HRMS m/z of MH+ found 618.3291, MH+ of 
methoxylated-14-O-benzoylaconine 2 requires 
618.3273 (Δ 3 ppm). This experiment was repeated 
using d4-MeOH in order to investigate any differences 
in mass formed due to the loss of C2H4 or replacement 
of the acetate group at C-8 with an O-methyl group 

















HRMS m/z of MH+ found 621.3490, MH+ of tri-
deuteriated methoxylated-14-O-benzoylaconine 
requires 621.3461 (Δ 5 ppm). This confirms the 
replacement of the acetate by a methoxy group from 
the (deuteriated) solvent. Partial synthesis of 
methoxylated-14-O-benzoylaconine from aconitine 
was carried out by refluxing aconitine 1 in methanol (6 
h at 65 oC) [3]. A mechanism for the formation of 2 is 
via cleavage of the C-7-C-17 bond when the nitrogen 
electron pair and C-7-C17 adopt an anti-parallel 
orientation with the C-8-acetate bond [2]. The 
compound of interest was collected by HPLC, Rt 8.0 
min, 10 mg dissolved in CDCl3 and full NMR data 
were recorded and compared with those of aconitine 1. 
The main differences are in the number of methoxy 
groups and the C-8 chemical shift i.e. five methoxy 
groups in 2, δH 3.14, 3.28, 3.28, 3.31, and 3.74 (each 
3H, s) and δC 49.9, 55.0, 58.5, 59.1, and 62.4, while in 
aconitine 1, four methoxy groups appear at δH 3.16, 
3.26, 3.29 and 3.75 (each 3H, s) and δC 58.1, 56.1, 
59.3, and 61.3. C-8 appears at δC 82.4 in methoxy 2 
and at δC 92.2 in the case of acetate substituted 1. 
 
CONCLUSIONS 
 Alcoholic solvents should be avoided in any 
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 Delphinium and Aconitum genera (Family 
Ranunculaceae) are rich in C19-diterpenoid alkaloids. 
They have been known since ancient times where 
Aconitum was used as poisons for arrows and in 
homicides, while Delphinium plant was the major 
cause of cattle death in western North America. This 
toxicity is especially attributed to the presence of C19-
diterpenoid alkaloids which is known as nor-
diterpenoid alkaloid. 
 
MATERIALS AND METHODS 
 
Delphinium elatum seeds were obtained as a generous 
gift from Blackmore & Langdon, Pensford, UK. 
Solvents were purchased from Sigma. 
Extraction:  Defatting of ground seeds by petroleum 
ether using a soxhlet apparatus, followed by acetone 
extraction. Alkaloidal extract was obtained by acid-
base cycle. 
 
Column chromatography: was performed on silica 
gel 60 purchased from Acros, 0.04-0.070 mm. 
 
Mass spectrometry:  High Resolution Time-of-Flight 
mass spectra were obtained on a Bruker Daltonics 
micrOTOF spectrometer using electrospray ionisation 
(ESI). 
 
X-ray crystallography: was obtained at 150-152 K 
using graphite monochromated Mo(Kα) radiation and 
Nonius Kappa CCD diffractometer and NMR:  
Bruker Avance III 500 MHz 
 
RESULTS AND DISCUSSION 
 
 The total alkaloidal extract was dissolved in 
dichloromethane and evaporated to dryness. The 
yellow residue formed was dissolved in hot 
hexane:ethanol (1:1), and allowed to cool over 16 h at 
room temperature, when crystals formed, they were 
filtered and washed with cold hexane:ethanol (1:1). 
HRMS showed m/z of MH+ found at 450.2878, MH+ 
of delpheline requires 450.2856. 
The crystals were also identified to be delpheline by 
X-ray crystallography (Fig. 1) and NMR, which is 
which are in good agreement with the reported data of 














 The alkaloidal residue was fractionated on a 
column packed with silica gel and eluted using a step 
gradient of methanol in dichloromethane (from 0.5% 
to 20%) to afford 10 fractions. Fraction 3 showed a 
single spot on TLC at Rf  = 0.30 
(cyclohexane:chloroform:diethylamine 5:4:1 v/v/v) 
detected with Dragendorff spray reagent. HRMS 
showed m/z of MH+ found at 683.3528, MH+ of 
methyllycaconitine (MLA) 2 requires 683.3544. The 
1H-NMR spectrum in CDCl3 revealed the presence of 
N-methylsuccinyl anthranoyl moiety, N-ethyl unit, 
and four methoxy groups at δ 3.25, 3.33, 3.34, and 
3.40. The 13C-NMR spectrum indicated the presence 
of seven oxygenated carbons (δ 69.4, 77.2, 82.5, 83.7, 
83.9, 88.4, and 90.8) assigned to be for C-18, C-8, C-












Repeated column chromatography on fraction 6, 
yielded an amorphous powder, the HRMS showed 
m/z of MH+ found at 670.3447. The NMR data 
revealed the presence of N-succinyl anthranoyl 
moiety, 1,2 disubstituted benzene ring. Absence of N-
ethyl terminal and methylene dioxy group. Further 





D. elatum seeds are rich in norditerpenoid alkaloids of 
different skeleta which continue to excite the interests 
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